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SECTION  B. 

NATURAL  HISTOEY. 


ADDRESS 

BY 

ALEXANDER  AGASSIZ, 

TICE-PRESIDENT,  SECTION  B. 


PALEONTOLOGICAL  AND  EMBRYOLOGICAL 
DEVELOPMENT. 

Members  of  the  Association  :  — 

Since  the  publication  of  the  ' '  Poissons  Fossiles  "  by  Agassiz 
and  of  the  "  Embrj'ologie  des  Salmonidees  "  by  Vogt,  the  similarity, 
traced  by  the  former  between  certain  stages  in  the  growth  of  young 
fishes  and  the  fossil  representatives  of  extinct  members  of  the 
group,  has  also  been  observed  in  nearly  ever^^  class  of  the  animal 
kingdom,  and  the  fact  has  become  a  most  convenient  axiom  in  the 
stud}'  of  paleontological  and  embryological  development.  This 
parallelism,  which  has  been  on  the  one  side  a  strong  argument  in 
favor  of  design  in  the  plan  of  creation,  is  now,  with  slight  emen- 
dations, doing  dut}^  on  the  other  as  a  newly  discovered  article  of 
faith  in  the  new  biology. 

But  while  in  a  general  way  we  accept  the  truth  of  the  proposition 
that  there  is  a  remarkable  parallelism  between  the  embryonic  de- 
velopment of  a  group  and  its  paleontological  history,  yet  no  one 
has  attempted  to  demonstrate  this,  or  rather  to  show  how  far  the 
parallelism  extends.  We  have  up  to  the  present  time  been  satisfied 
with  tracing  the  general  coincidence,  or  with  striking  individual 
cases. 

The  resemblance  between  the  pupa  stage  of  some  Insects  and  of 
adult  Crustacea,  the  earlier  existence  of  the  latter,  and  the  subse- 
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quent  appearance  of  the  former  in  paleontological  history,  furnished 
one  of  the  first  and  most  natural  ilhistrations  of  this  parallelism ; 
while  theoretically  the  necessary  development  of  the  higher  trache- 
ate  insects  from  their  early  branchiate  aquatic  ancestors  seemed  to 
form  an  additional  link  in  the  chain,  and  point  to  the  Worms,  the 
representatives  of  the  larval  condition  of  Insects,  as  a  still  earlier 
embryonic  stage  of  the  Articulates. 

Indeed,  there  is  not  a  single  group  of  the  animal  kingdom  in 
•which  embryology  has  not  played  a  most  important  part  in  demon- 
strating affinities  little  suspected  before.  The  development  of  our 
frogs,  our  salamanders,  has  given  us  the  key  to  much  that  was  un- 
explained in  the  history  of  Reptiles  and  Batrachians.  The  little 
that  has  been  done  in  the  embryology  of  Birds  has  revolutionized 
our  ideas  of  a  class  which  at  the  beginning  of  the  century  seemed 
to  be  the  most  naturally  circumscribed  of  all.  Embr^'ology  and 
paleontology  combined  have  led  to  the  recognition  of  a  natural 
classification  uniting  Birds  and  Reptiles  on  the  one  side  and  Ba 
trachians  and  Fishes  on  the  other.  It  is  to  embryology  that  we 
owe  the  explanation  of  the  affinities  of  the  old  Fishes  in  which 
Agassiz  first  recognized  the  similarity  to  the  embr3'o  of  Fishes  now 
living,  and  b}-  its  aid  we  ma}^  hope  to  understand  the  relationship  of 
the  oldest  representatives  of  the  class.  It  has  given  us  the  only 
explanation  of  the  earl}'  appearance  of  the  Cartilaginous  Fishes, 
and  of  the  probable  formation  of  the  earliest  vertebrate  limb  from 
the  lateral  embryonic  fold,  still  to  be  traced  in  the  young  of  the 
Osseous  Fishes  of  to-daj'. 

Embryology  has  helped  us  to  understand  the  changes  aquatic 
animals  must  gradually  undergo  in  order  to  become  capable  of  liv- 
ing upon  dry  land.  It  has  given  us  pictures  of  swimming-bladders 
existing  as  rudimentary  lungs  in  Fishes  with  a  branchial  sj'stem  ;  in 
]>atracliians  it  lias  shown  us  the  i)ersistence  of  a  branchial  system 
side  I)}'  side  with  a  veritable  lung.  We  find  among  the  earliest 
terrestrial  Vertebrates,  types  having  manifest  affinities  with  the 
Fishes  on  one  side  and  Batrachians  on  the  other,  and  we  call  these 
types  U«'ptileH  ;  but  we  should  n(;vertlieless  do  so  with  a  reserva- 
tion, looking  to  embryology  for  the  true  meaning  of  these  half- 
flcdgcd  Reptiles,  which  lived  at  the  period  of  transition  between  an 
nquatie  and  a  terrestrial  life,  and  nnist  therefore  always  retnin  an 
uniisii.'d  iinj)ort;inee  in  the  study  of  tiie  development  of  animal  life. 

\Vlien  we  coiik!  to  the  embryology  of  the  marine  Invertebrates, 
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the  liistoiT  of  the  development  of  the  barnacles  is  too  familiar  to 
be  dwelt  upon,  and  I  need  only  allude  to  the  well-known  trans- 
fonnations  of  the  Echinoderms,  of  the  Acalephs,  Polyps,  in  fact 
of  every  single  class  of  Invertebrates,  and  perhaps  in  none  more 
than  in  the  Brachiopods,  to  show  how  far-reaching  has  been  the  in- 
fluence of  embryology  in  guiding  us  to  a  correct  reading  of  the 
relations  between  the  fossils  of  successive  formations.  There  is 
scarceh"  an  embryological  monograph  now  published  dealing  with 
any  of  the  later  stages  of  gi'owth  which  does  not  speak  of  their 
resemblance  to  some  type  of  the  group  long  ago  extinct.  It  has 
therefore  been  most  natural  to  combine  with  the  attempts  constantly 
made  to  establish  the  genetic  sequence  between  the  genera  of  suc- 
cessive formations,  an  effort  to  establish  also  a  correspondence 
between  their  paleontological  sequence  and  that  of  the  embrj'onic 
stages  of  development  of  the  same,  thus  extending  the  mere  simi- 
larity first  observed  between  certain  stages  to  a  far  broader  gen- 
eralization. 

It  would  carry  me  too  far  to  sketch  out,  except  in  a  most  general 
wa}',  even  for  a  single  class,  the  agi'eement  known  to  exist  in  cer- 
tain groups  between  their  embr^'onic  development  and  their  pale- 
ontological histor}'.  It  is  hinted  at  in  the  succession  of  animal  life 
of  any  period  we  msiy  take  up,  and  perhaps  cannot  be  better  ex- 
pressed than  b}'  comparing  the  fauna  of  any  period  as  a  whole  with 
that  of  following  epochs  ;  —  a  zoological  system  of  the  Jura,  for  in- 
stance, compared  with  one  made  up  for  the  Cretaceous ;  next,  one 
for  the  Tertiary,  compared  with  the  fauna  of  the  present  day.  In 
no  case  could  we  find  any  class  of  the  animal  kingdom  bearing 
the  same  definitions  or  characterized  in  the  same  manner.  But 
apply  to  this  comparison  the  data  obtained  from  the  embr^'ological 
development  of  our  present  fauna,  and  what  a  flood  of  light  is 
thrown  upon  the  meaning  of  the  succession  of  these  apparently 
disconnected  animal  kingdoms,  belonging  to  different  geological 
periods,  especialh'  in  connection  with  the  stud}-  of  the  few  ancient 
types  which  have  survived  to  the  present  day  from  the  earliest 
times  in  the  history  of  our  earth ! 

Although  there  is  hardl}'  a  class  of  the  animal  kingdom  in  which 
some  most  interesting  parallelism  could  not  be  drawn,  and  while 
the  material  for  an  examination  of  this  parallelism  is  partially 
available  for  the  Fishes,  MoUusks,  Crustacea,  Corals,  and  Crinoids, 
yet  for  the  illustration  and  critical  examination  of  this  parallel- 
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ism  I  have  been  led  to  choose  to-day  a  very  limited  group,  that 
of  Sea-urchins,  both  on  account  of  the  nature  of  the  material  and 
of  my  own  familiarity^  with  their  development  and  with  the  living 
and  extinct  species  of  Echini.  The  number  of  living  species  is  not 
very  great,  —  less  than  three  hundred,  —  and  the  number  of  fossil 
species  thus  far  known  is  not,  according  to  Zittel,  more  than  about 
two  thousand.  It  is  therefore  possible  for  a  specialist  to  know  of 
his  own  knowledge  the  greater  part  of  the  species  of  the  group.  It 
has  been  my  good  fortune  to  examine  all  but  a  few  of  the  species 
now  known  to  exist,  and  the  collections  to  which  I  have  had  access 
contain  representatives  of  the  majority^  of  the  fossil  species.  Sea- 
urchins  are  found  in  the  oldest  fossiliferous  rocks  ;  they  have  contin- 
ued to  exist  without  interruption  in  all  the  strata  up  to  the  present 
time.  While  it  is  true  that  our  knowledge  of  the  Sea-urchins  oc- 
curring before  the  Jurassic  period  is  not  yery  satisfactory,  it  is  yet 
complete  enough  for  the  purposes  of  the  present  essay,  as  it  will 
enable  me,  starting  from  the  Jurassic  period,  to  call  your  attention 
to  the  paleontological  history^  of  the  group,  and  to  compare  the 
succession  of  its  members  with  the  embr^'ological  development  of 
the  types  -now  living  in  our  seas.  Ample  material  for  making  this 
comparison  is  fortunately  at  hand  ;  it  is  material  of  a  peculiar  kind, 
not  easil}'  obtained,  and  which  thus  far  has  not  greatly^  attracted 
the  attention  of  zoologists. 

Interesting  and  important  as  are  the  earliest  stages  of  embryonic 
development  in  the  different  classes  of  the  animal  kingdom,  as 
bearing  upon  the  history-  of  the  first  appearance  of  any  organ  and 
its  subsequent  modifications,  they  throw  but  little  light  on  the  subject 
before  us.  What  we  need  for  our  comparisons  are  the  various 
stages  of  growth  through  which  the  young  Sea-urchins  of  dif- 
ferent families  pass  from  the  time  they  have  practically  become 
Sea-urchins  until  they  have  attained  the  stage  which  we  now  dig- 
nify with  the  name  of  species.  Few  embryologists  have  carried 
their  investigations  into  the  more  extended  fiekl  of  the  changes 
tlic  embryo  undergoes  when  it  begins  to  be  recognized  as  belonging 
to  a  s]>eciMl  class,  and  when  the  knowledge  of  the  si)ecialist  is 
absolutely  needed  U)  trace  the  bearing  of  the  changes  undergone, 
and  to  understand  their  full  meaning.  Fortunately  the  growth  of 
the  young  Kchini  has  })('en  traced  in  a  suflicient  numl)er  of  families 
to  ena])l(',  uk;  to  draw  the  parallelism  bctwciin  these,  vai  ious  stages 
of  growth  an<l  Die  j)aleontologieal  stages  in  a  very-  dillerent  man- 
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ner  from  what  is  possible  in  other  groups  of  the  animal  kingdom, 
where  we  are  overwhelmed  with  the  number  of  species,  as  in  the 
Insects  or  Mollusks,  or  where  the  paleontological  or  the  embr3^o- 
logical  terras  of  comparison  are  wanting  or  very  imperfect. 

Beginning  with  the  paleontological  history  of  the  regular  Sea- 
urchins  at  the  time  of  the  Trias,  when  they  constituted  an  un- 
important group  as  compared  with  the  Crinoids,  we  find  the  Echini 
of  that  time  limited  to  representatives  of  two  families.  One  of 
these,  the  genus  Gidaris,  has  continued  to  exist,  with  slight  modifi- 
cations, up  to  the  present  time,  and  not  less  than  one  tenth  of  all 
the  known  species  of  fossil  Echini  belong  to  this  important  genus, 
which  in  our  tropical  seas  is  still  a  prominent  one.  It  is  interest- 
ing here  to  note  that  in  the  Cidaridse  tiie  modifications  of  the  test 
are  not  striking,  and  the  fossil  genera  appearing  in  the  successive 
formations  are  distinguished  b}^  characters  which  often  leave  us  in 
doubt  as  to  the  genus  to  which  many  species  should  be  referred. 
In  the  genus  Rhabdocidaris,  which  appears  in  the  lower  Jura,  and 
w^hich  is  mainl}'  characterized  by  the  extraordinary  development  of 
the  radioles,  we  find  the  extreme  of  the  variations  of  the  spines  in 
this  famil3\  From  that  time  to  the  present  day,  the  most  striking 
difi'erences  have  existed  in  the  shape  of  the  spines,  not  only  of 
closely  allied  genera,  but  even  in  specimens  of  the  same  species  ; 
diff'erences  which  in  some  of  the  species  of  to-da}^  are  as  great  as 
in  older  geological  periods.  The  oldest  Cidaridae  are  remarkable 
for  their  narrow  poriferous  zones.  It  is  onl}'^  in  the  Jura  that  they 
widen  somewhat ;  subsequentlj^  the  pores  become  conjugated,  and 
only  later,  during  the  Cretaceous  period,  do  we  find  the  first  traces 
of  any  ornamentation  of  the  test  (Temnocidaris)  so  marked  at  the 
present  day  in  the  genus  Goniocidaris.  As  far,  then,  as  the  Cida- 
ridae are  concerned,  the  modifications  which  take  place  from  their 
earliest  appearance  are  restricted  to  slight  changes  in  the  poriferous 
zone  and  in  the  ornamentation  of  the  test,  accompanied  with  great 
variability  in  the  shape  of  the  primary  radioles.  We  must  except 
from  this  statement  the  genera  Diplocidaris  and  Tetracidaris,  to 
which  I  shall  refer  again.  The  representatives  of  the  other  Triassic 
family  become  extinct  in  the  lower  tertiaries.  The  oldest  genus, 
Hemicidaris,  undoubtedly  represents  the  earliest  deviations  from 
the  true  Cidaris  t^-pe ;  modifications  which  afl*ect  not  only  the  porif- 
erous zone,  but  the  test,  the  actinal  and  the  abactinal  sj^stems, 
while  from  the  extent  of  these  minor  changes  we  can  trace  out  the 
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gradual  development  of  some  of  the  characteristics  in  families  of 
the  regular  Echini  now  living.  The  genus  Hemicidaris  may  be 
considered  as  a  Cidaris  in  which  the  poriferous  zone  is  narrow  and 
undulating,  in  which  the  granules  of  the  ambulacral  system  have 
become  minute  tubercles  in  the  upper  portion  of  the  zone  and  small 
primar}^  tubercles  in  its  actinal  region,  in  which  man}^  of  the  inter- 
ambulacral  granules  become  small  secondaries,  in  which  the  plates 
of  the  actinal  system  have  become  reduced  in  number,  and  the 
apical  S3'stem  has  become  a  naiTOw  ring,  and  finally  in  which  the 
primary  radioles  no  longer  assume  the  fantastic  shapes  so  common 
among  the  Cidaridse. 

We  can  trace  in  this  genus  the  origin  of  the  modifications  of  the 
poriferous  zone,  leading  us„on  the  one  side,  through  genera  with 
merel}^  undulating  lines  of  pores  to  more  or  less  distinct  confluent 
arcs  of  pores,  fomied  round  the  primary'  ambulacral  tubercles,  and. 
on  the  other,  to  the  formation  of  open  arcs  of  three  or  more  pairs 
of  pores.  The  first  type  culminates  at  the  present  day  with  the 
Arbaciadae,  the  other  with  the  Diadematidae,  Triplechinidse,  and 
Echinometradse.  This  specialization  very  early  takes  place,  for 
already  in  the  lower  Jura  Stomechinus  has  assumed  the  principal 
characteristics  of  the  Triplechinidse  of  to-day. 

Although  in  Hemicidaris  the  number  of  the  coronal  plates  has 
increased  as  compared  with  the  Cidaridse,  and  while  we  find  that 
in  many  genera,  even  of  those  of  the  present  day,  the  number  of 
the  coronal  plates  is  still  comparatively  small,  yet,  as  a  general 
rule,  the  more  recent  formations  contain  genera  in  which  the  increase 
in  number  of  the  interambulacral  plates  is  accompanied  by  a  cor- 
responding decrease  in  the  number  of  plates  of  the  ambulacral 
area  so  characteristic  thus  far  of  the  CidaridiB  and  Ilcraicidaridae, 
a  change  also  affecting  the  size  of  the  primary  ambulacral  tuber- 
cles. This  increase  in  the  number  of  the  coronal  plates  is  like- 
wise acoomi)anied  ])y  tlie  development  of  irregular  secondary  and 
miliary  tubercles,  and  the  disappearance  in  this  group  of  the  granu- 
l.'ir  tuberculation,  so  important  a  character  in  the  CidaridiX3.  With 
tlie  increase  in  the  nnml^er  of  tliC  interambulacral  coronal  i)lates, 
the  I'scudodiadcuiniidfe  still  retain  })j()minent  primary  tubercles, 
rcralliui^  liie  e.'niicr  I bimicidaridie  and  Cidaridie,  and,  as  in  the 
(Jidarida;  pi'oper,  tli(;  icnt  is  frequently  oi  nnmcntcd  by  doop  \niii  or 
by  rid<^('S  formed  l)y  the  junction  of  adjoining  tulxireles.  The 
genital  jing  beconies  narrow(!r,  and  the  tendency  to  the  special* 
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ization  of  one  of  its  plates,  the  madreporite,  more  and  more 
marked. 

With  the  appearance  of  Stomechinus,  the  Echinidse  proper  al- 
ready assume  in  the  Jura  the  open  arcs  of  pores,  the  large  num- 
ber of  coronal  interambulacral  plates,  the  specialization  of  the 
secondary  tubercles,  and  the  large  number  of  primarj^  tubercles  in 
each  plate.  With  the  appearance  of  Sphserechinus  in  the  early 
Tertiar}'  come  in  all  the  elements  for  the  greater  multiplication  of 
the  pairs  of  pores  in  the  arcs  of  the  poriferous  zones,  while  the 
gigantic  primary  spines  of  some  of  the  genera  (Ileterocentrotus) , 
and  the  small  number  of  primary-  tubercles  are  structural  features 
which  had  completely  disappeared  in  the  group  preceding  the  Echi- 
nometradse,  to  which  the^'  appear  most  closel}'  allied. 

Going  back  again  to  the  Hemicidaridse,  it  requires  but  slight 
changes  to  pass  from  them  to  Acrosalenia  and  to  the  Salenise 
proper ;  the  latter  have  continued  to  the  present  da}',  and  have, 
like  the  Cidaridse,  retained  almost  unchanged  the  characters  of  the 
genera  which  preceded  them,  combined,  however,  with  a  few  Cida- 
ridian  and  Echinid  features  which  date  back  to  the  Triassic  period. 
We  can  thus  trace  the  modifications  which  have  taken  place  in  the 
poriferous  zone,  tlie  apical  and  actinal  systems,  the  coronal  plates, 
the  arabulacral  and  interambulacral  tubercles,  as  well  as  in  the 
radioles,  and  in  the  most  direct  manner  possible  indicate  the  origin 
of  the  peculiar  combination  of  structural  features  which  we  find  at 
any  geological  horizon.  On  taking  in  succession  the  modifications 
undergone  by  the  different  parts  of  the  test,  we  can  trace  each 
one  singly,  without  the  endless  complication  of  combinations  which 
an}'  attempt  to  trace  the  whole  of  any  special  generic  coml)ination 
w^ould  imply. 

Leaving  out  of  the  question  for  the  moment  the  Pal{]eehinid[e, 
we  find  no  difficulty  in  tracing  the  history  of  the  characters  of  the 
genera  of  the  regular  P>liini  which  have  existed  from  the  time  of 
the  Trias  and  are  now  living,  pro\ided  we  take  up  each  character 
independently.  Nothing  can  be  more  direct  than  the  gradual  modi- 
fication of  the  simple,  barely  undulating  poriferous  zone,  made  up 
of  numerous  ambulacral  plates  covered  by  granules,  such  as  we 
find  it  among  the  Cidaridaj  of  the  Trias,  first  into  the  slightly  undu- 
lating poriferous  zone  of  the  Hemicidaridse,  next  into  the  indistinct 
arcs  of  pores  of  the  Pseudodiadematidfe,  then  into  the  arcs  with  a 
limited  number  of  pores  of  the  Triplechinid[E,  and  finally  to  the 
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poh'poroiis  arcs  of  the  Echinometraclse.  What  can  be  more  direct 
than  the  gradual  modification  to  be  traced  in  the  development  of 
the  primar}'  ambulacral  tubercles,  such  as  are  characteristic  of  the 
Eehinidoe  of  the  present  da^^,  from  their  first  appearance  at  the  oral 
extremit}'  of  the  ambulacral  S3'stem  of  the  Hemicidaridie,  and  the 
increase  in  the  number  of  primar}'  interambulacral  tubercles,  accom- 
panied b}^  the  growth  of  secondaries  and  miliaries,  which  we  can 
trace  in  Hemicidaris,  Acrosalenia,  and  Stomechinus, — the  increase 
in  number  of  the  primary  and  secondary  tubercles  being  accompa- 
nied by  a  reduction  in  the  size  of  the  radioles  and  a  greater  uni- 
formit3'  in  their  size  and  shape  ? 

But  while  these  modifications  take  place,  the  original  structural 
feature  may  be  retained  in  an  allied  group.  Thus  the  Cidaridae 
retain  unchanged  from  the  earliest  time  to  the  present  day  the  few 
primary  tubercles,  the  secondary  granules,  the  simple  poriferous 
zone,  the  imbricating  actinal  system,  and  the  few  coronal  plates, 
with  the  large  apical  system  and  man3^-shaped  radioles ;  while  in 
the  Salenidae  the  primary"  interambulacral  tubercles,  the  secondary 
grannies,  the  radioles,  the  genital  ring,  are  recognized  features  of 
the  Cidaridae,  associated,  however,  with  an  Echinid  actinal  and  anal 
S3'stem,  Hemicidarid  primary- ambulacral  tubercles,  and  an  Echinid 
poriferous  zone.  In  the  same  wa}^  in  the  Diadematidse,  the  large 
primar}'  interambulacral  tubercles  are  Cidaridian  features,  while  the 
structure  of  the  ambulacral  tubercles  is  Hemicidaridian.  The  ex- 
istence of  two  kinds  of  spines  is  another  Cidaridian  feature,  while 
the  apical  and  actinal  systems  have  become  modified  in  the  same 
direction  as  that  of  the  Echinidai.  The  more  recent  the  genus,  the 
greater  is  the  difficult}'  of  tracing  in  a  direct  manner  the  origin  of 
an}-  one  structural  feature,  owing  to  the  difficult}'  of  disassociating 
structural  elements  characteristic  of  genera  which  may  be  derived 
from  totally  different  sources.  This  is  particularly  the  case  with 
genera  liaving  a  great  geological  age.  Many  of  them,  especially 
among  the  Spatangoids,  show  affinities  witii  genera  following  them 
in  tinu?,  to  be  explained  at  i)r('S('nt  only  on  the  supposition  that, 
when  a  stnictnrnl  feature;  has  once  made  its  api)earanc»(?,  it  may 
rcjip|)('.'ir  snl»s(H|iiently,  jipp.'ircntly  .'is  t\.  \u\\v  creation,  whih;  in  real- 
ity it  is  only  its  jMrciiliMr  coiribiiijil ion  with  slru('hir;il  I'ciitures  with 
which  it  li.'id  Jiot  before;  been  .'issoeiMlcd  (a  new  genus),  which  (;on- 
ceals  in  tiuif  instjince  th(;  fjiet  of  ils  previous  existen(;(;.  A  careful 
analysis,  not  onl}  of  the  genei.-i  of  llie  order,  but  sometimes  of  (jth(;r 
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orders  which  have  preceded  this  combination  in  time,  may  often 
reveal  the  elements  from  which  have  been  produced  apparently  un- 
intelligible modifications. 

There  is,  however,  not  one  of  the  simple  structural  features  in 
the  few  types  of  the  Triassic  and  Liassic  Echini  from  which  we  can 
so  easily  trace  the  origin  of  the  structural  features  of  all  the  subse- 
quent Echinid  genera,  which  is  not  also  itself  continued  to  the 
present  day  in  some  generic  t3'pe  of  the  present  epoch,  full}'  as 
well  characterized  as  it  was  at  the  beginning.  In  fact,  the  very 
existence  to-day  of  these  early  structural  features  seem  to  be  as 
positive  a  proof  of  the  unbroken  s3-stematic  affinity  between  the 
Echini  of  our  seas  and  those  of  the  Trias,  as  the  uninterrupted 
existence  of  the  genus  P3'gaster  or  Cidaris  from  the  Lias  down  to 
the  present  epoch,  or  of  the  connection  of  many  of  the  genera  of 
the  Chalk  with  those  of  our  epoch  (Salenia,  Cj'phosoma,  Psam- 
mechinus,  etc.). 

Passing  to  the  Clypeastridje,  we  find  there  as  among  the  Desmo- 
sticha  that  the  earliest  type^  P^'gaster,  has  existed  from  the  Trias  to 
the  present  time ;  and  that,  while  we  can  readily  reconstruct,  on 
embryological  grounds,  the  modifications  the  earliest  Desmosticha- 
like  Echini  should  undergo  in  order  to  assume  the  structural  fea- 
tures of  P3'gaster,  3'et  the  earl3'  periods  in  which  the  precursors  of 
the  Echinoconidae  and  Clypeastridae  are  found  have  thus  far  not 
produced  the  genera  in  which  these  modifications  actually  take 
place.  But,  starting  from  P3'ga6ter,  we  naturall3'  pass  to  Holec- 
t3'pus,  to  Discoidea,  to  Conoclypus,  on  the  one  side,  while  on  the 
other,  from  Holectypus  to  Echinoc3'amus,  Sismondia,  Fibularia, 
and  Moilonia,  we  have  the  natural  sequence  of  the  characters  of 
the  existing  Echinanthidae,  Laganidae,  and  Scutellidae,  the  greater 
number  of  which  are  characteristic  of  the  present  epoch.  If  we 
were  to  take  in  turn  the  changes  undergone  in  the  arrangement  of 
the  plates  of  the  test,  as  we  pass  from  P3'gaster  to  Holect3'pus, 
to  Echinocyamus,  and  the  Echinanthidae,  we  should  have  in  the 
genera  which  follow  each  other  in  the  paleontological  record  an  un- 
broken series  showing  exactl3^  what  these  modifications  have  been. 
In  the  same  wa}',  the  modifications  of  the  abactinal  and  anal  S3"s- 
tems,  and  those  of  the  poriferous  zone,  can  equally  well  be  followed 
to  Echinoc3'amus,  and  thence  to  the  Clypeastridae  ;  while  a  similar 
sequence  in  the  modifications  of  these  structural  features  can  be 
followed  from  Mortonia  to  the  Scutellidae  of  the  present  period. 
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Passing  finally  to  the  Petalosticha,  we  find  no  difficulty  in  tracing 
theoreticall}^  the  modifications  which  our  esirlj  Echinoconidae  of 
the  Lias  should  primarily  undergo  previous  to  the  appearance  of 
Galerop3'gu8.  The  similarity  of  the  early  Cassiduloid  and  Echino- 
neoid  types  points  to  the  same  S3'stematic  affinity,  and  perhaps 
even  to  a  direct  and  not  very  distant  relationship  with  the  Palae- 
chinidse.  For  if  we  analyze  the  Echinothurise  of  the  present  day, 
we  find  in  genera  like  Phorraosoma  many  structural  features,  such 
as  the  shape  of  the  test,  the  character  of  the  spines,  the  structure 
of  the  apical  S3'stem,  that  of  the  poriferous  zone,  indicative  of 
possible  modifications  in  the  direction  of  Pygaster  or  of  Galeropy- 
gus,  which  have  as  yet  not  been  taken  into  account. 

Adopting  for  the  Petalosticha  the  same  method  of  tracing  the 
modifications  of  single  structural  features  in  their  paleontological 
succession,  we  trace  the  comparatively  little  modified  paleonto- 
logical histor3'  of  the  Echinoneidse  of  the  present  day  from  the 
P3'rina  of  the  lower  Jura.  This,  in  its  turn,  has  been  preceded  b3' 
H3-boclypus  and  Galerop3'gus,  while  the  Echinolampadse  of  the 
present  da3'  date  back,  with  but  trifling  modifications,  to  the  Echi- 
nobrissus  of  the  Jura,  itself  preceded  b3'  Cl3'peus  ;  and  they  have 
been  subject  onl3'  to  slight  generic  changes  since  that  time,  Echi- 
nobrissus  being  still  extant,  while  such  closely  allied  genera  as  Cato- 
P3'gus  and  Cassidulus  of  the  earlier  Cretaceous  are  still  represented 
at  the  present  da3' ;  the  modifications  taking  place  in  the  actinal 
S3'stem,  in  the  ambulacal  zones  of  the  Echinoconidae  and  of  the 
Echinolampadse  showing  the  closest  possible  systematic  affinity  in 
these  families.  Starting  again  from  H3'boclypus,  with  its  elongate 
apical  system,  we  naturall3'  pass  to  Coll3-rites  and  the  strange  D3'S- 
asteridte  forms  which  in  their  turn  are  closely  allied  to  the  Holas- 
teridtje.  From  Ilolaster  on  tlie  one  side  and  from  Toxaster  on  the 
other,  we  find  an  unbroken  sequence  of  structural  characters  unit- 
ing the  successive  genera  of  Ilolasteridae,  such  as  Cardiaster,  Offas- 
ter,  Stenonia,  Ananch3'tes,  and  Asterostoma,  with  Palcopneustes, 
IIornolarni)as  and  tlie  Pourtalesiai  of  the  present  da3',  while  from 
the  genera  of  th(;  Toxasteridje  we  naturalh'  pass  to  the  cretaceous 
Jlemiastcr ;  in  this  genus  and  the  subsequent  Micraster  we  find  all 
tij(j  (dcnicnts  nec(tssary  for  the  modifications  which  appear  in  the 
Spatan;^in;e  from  the  time  of  the  Clialk  to  the  present  da3'.  These 
modifications  result  in  genera  in  which  we  trace  the  development  of 
the  fascioles,  of  the  actinal,  anal,  and  abactinal  plastrons,  of  the 


ALEXANDER  AGASSIZ. 


399 


beak,  the  formation  of  the  petaloid  ambulacra,  first  flush  with  the 
test,  and  little  by  little  changed  into  marsupial  pouches,  the  growth 
of  the  anterior  groove  and  the  manifold  modifications  of  the  am- 
bulacra! S3'stem  in  Spatangus,  Agassizia,  and  Echinocardium,  often 
recallinsr  in  some  of  its  features  structural  characters  of  families 
which  have  preceded  this  in  time. 

Apparent!}'  in  striking  contrast  with  the  Echini  of  the  secondary 
period  and  those  which  have  succeeded  them  stand  the  Paleozoic 
Echini ;  but  when  we  have  examined  the  embryology  of  Echini, 
■we  shall  be  better  prepared  to  understand  their  structure  and  the 
affinities  of  the  Palaechinidae  with  the  Echini  of  the  present  da}'  and 
their  immediate  predecessors. 

Taking  up  now  the  embryological  development  of  the  several 
families  which  will  form  the  basis  of  our  comparisons,  beginning 
with  the  Cidaridae,  we  find  that  in  the  earliest  stages  they  very 
soon  assume  the  characters  of  the  adult,  the  changes  being  limited 
to  the  development  of  the  abactinal  system,  the  increase  in  number 
of  the  coronal  plates,  and  the  modifications  of  the  proportionally 
gigantic  primary  radioles. 

In  the  Diadem atid 86  the  changes  undergone  by  the  young  are 
limited  to  the  gradual  transformation  of  the  embryonic  spines  into 
those  which  characterize  the  famil}',  to  the  changes  of  the  vertical 
row  of  pores  in  the  ambulacra!  area  into  arcs  of  three  or  four  pairs 
of  pores,  and  to  the  specialization  of  the  actiual  and  abactinal 
systems. 

In  the  Arbaciadae  the  young  stages  are  remarkable  for  the  prom- 
inent sculpture  of  the  test,  for  the  flattened  spines,  for  their  simple 
poriferous  zone,  for  their  actinal  system,  and  for  their  genital  ring. 
The  anal  plates  appear  before  the  genital  ring. 

In  the  Echinometradae  the  young  thus  far  observed  are  character- 
ized by  the  small  number  of  their  primary  tubercles,  the  large  size  of 
the  spines,' the  simple  vertical  row  of  pores,  the  closing  of  the  anal 
ring  by  a  single  plate,  and  the  turban-shaped  outline  of  the  test. 
Little  by  little,  the  test  loses  with  increasing  age  this  Cidaris-like 
character ;  it  reminds  us,  from  the  increase  in  the  number  of  its 
plates,  more  of  Hemicidaris  ;  then,  with  their  still  greater  increase, 
of  the  Pseudodiadematidse  ;  and,  finally,  of  the  Echinometradae 
proper.  The  spines,  following  pari  passu  the  changes  of  the  test, 
lose  little  by  little  their  fantastic  embryonic,  or  rather  Cidaris-like 
appearance,  and  become  more  solid  and  shorter,  till  they  finally 
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assume  the  delicately  fluted  structure  characteristic  of  the  E-chinome- 
tradse.  The  vertical  poriferous  zone  is  first  changed  into  a  series 
of  connected  vertical  arcs,  which  become  disjointed,  and  form,  with 
increasing  age,  the  independent  arcs  of  pores,  composed  of  three 
or  more  pairs  of  pores,  of  the  Echinometradse. 

In  the  Echinidae  proper  we  find  in  the  young  stages  the  same 
unbroken  vertical  line  of  pores,  which  gradually  becomes  changed 
to  the  characteristic  generic  t3'pes.  We  find,  as  in  the  Echinome- 
tradse,  an  anal  system  closed  with  a  single  iDlate,  and  an  abactinal 
system  separating  in  somewhat  more  advanced  stages  from  the 
coronal  plates  of  the  test.  This  is  as  yet  made  up  of  a  compara- 
tively^ small  number  of  plates,  carrj-ing  but  few  large  primary  tu- 
bercles,  with  fantastically  shaped  spines  entirely  out  of  proportion 
to  the  test,  but  which,  little  by  little,  with  the  increase  of  the  num- 
ber of  coronal  plates,  the  addition  of  primary  tubercles,  and  their 
proportional  decrease  in  size,  assume  more  and  more  the  sti*ucture 
of  the  genus  to  which  the  3'oimg  belongs.  The  original  anal  plate 
is  gradually  lost  sight  of  from  the  increase  in  number  of  the  plates 
covering  the  anal  system,  and  it  is  only  among  the  Temnopleuridaj 
that  this  anal  plate  remains  more  or  less  prominent  in  the  adult. 
In  the  Salenidae,  of  which  we  know  as  yet  nothing  of  the  develop- 
ment, this  embry'onic  plate  remains  permanently  a  prominent  struc- 
tural feature  of  the  apical  sj'stem.^ 

Among  the  Ch'peastroids  the  changes  of  fonn  they  undergo 
during  growth  &re  most  instructive.  We  have  in  the  young  Fibu- 
larinse  an  ovoid  test,  a  small  number  of  coronal  plates  surmounted 
b}'  few  and  large  primary  tubercles,  supporting  proportionally 
equally  large  primary^  radioles,  simple  rectilinear  poriferous  zones, 
no  petaloid  ambulacra,  —  in  fact,  scarcely  one  of  the  features  we  are 
accustomed  to  associate  with  the  Clypeastroids  is  as  yet  prominently 
develojicd.  But  rapidly^,  witli  increasing  size,  the  numb(?r  of  pri- 
mary tubercles  increases,  the  spines  lose  their  disproportionate  size, 
tiie  iK>r('S  of  the  abactinal  region  become  crowded  and  elongate, 
and  a  rudiuKMitary  |K;tal  is  formed.  Tlie  test  becomes  more  flat- 
tened, the  coronal  plates  increase  in  number,  and  it  would  be  im- 
possible to  recognize;  in  the  young  Ecliinocyamus,  for  instance,  the 

1  Tli»'  yoiin^j  of  \ht'.  folhiwiiyfr  j^rjmrra  Imve  sen'e(?  as  a  basis  for  (ho  ])n'»'Hliri^'  analy- 
of  tin- «  iiibr)'oni«;  uta^'eH  of  tli<j  Dcsinostit-lia :    Cidaris,  I)Mn»ci(}jiiis,  (ioiiioeidaris, 

Ar\)H(  iii,  roroiidnrix,  Sf rofit;yIo(«TitrotnH,  Kcliiiiomfifru,  Kehinus,  Toxoputuistos,  Hiii- 

pouoe,  Tfinii'iplcuru)*,  T«;iiuit«:hinuH,  aiul  'f rigouocitJans. 
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adult  of  the  Cidaris-like  or  Echiiiometra-like  stages  of  the  Sea- 
urchin,  had  we  not  traced  them  step  by  step.  Most  interesting, 
also,  is  it  to  follow  the  migrations  of  the  anal  S3  stem,  which,  to  a 
certain  extent,  ma}^  be  said  to  retain  the  embrj^onic  features  of  the 
early  stages  of  all  Echinoderm  embryos,  in  being  placed  in  more  or 
less  close  proximity  to  the  actinostome.  What  has  taken  place  in 
the  growth  of  the  3'oung  Echinocyamus  is  practically  repeated  for 
all  the  families  of  Clj'peastroids ;  a  young  Echinarachnins,  or 
Mellita,  or  Encope,  or  a  Ctypeaster  proper,  resembles  at  first  more 
an  Echinometra  than  a  Clj^peastroid  ;  they  all  have  simple  porifer- 
ous zones  and  spines  and  tubercles  out  of  all  proportion  to  the  size 
of  the  test.  2 

When  we  come  to  the  development  of  the  Cassiduloids,  we  find 
their  younger  stages  also  differing  greatly  from  the  adult.  Among 
the  Nucleolidae,  for  instance,  the  young  stages  have  as  yet  no  pet- 
als, but  only  simple  rectilinear  poriferous  zones.  They  are  ellipti- 
cal with  a  high  test,  with  a  single  large  primary  tubercle  for  each 
plate,  and  a  simple  elliptical  actinostome,  without  any  trace  of  the 
t}'pical  bourrelets  and  phyllodes  so  characteristic  of  this  family. 
Very  earh',  however,  this  condition  of  things  is  changed,  the  test 
soon  becomes  more  flattened,  the  petals  begin  to  form  as  they  do 
in  the  Cl}^eastroids,  and  we  can  soon  trace  the  rudiments  of  the 
peculiar  bourrelets  characteristic  of  the  family,  accompanied  by  a 
rapid  increase  in  the  number  of  tubercles  and  in  that  of  the  coro- 
nal plates. 

Among  the  Spatangidje  some  are  remarkable  in  their  adult  con- 
dition for  their  labiate  actinostome,  for  the  great  development 
of  the  petals,  for  the  presence  of  fascioles  surrounding  certain 
definite  areas,  for  the  small  size  of  the  tubercles,  the  general  uni- 
formity in  the  spines  of  the  test,  and  the  specialization  of  their 
anterior  and  posterior  regions.  On  examining  the  young  stages 
of  this  group  of  Spatangoids,  not  one  of  these  structural  fea- 
tures is  as  yet  developed.  The  actinostome  is  simple,  the  porif- 
erous zone  has  the  same  simple  structure  from  the  actinostome  to 
the  apex,  the  primary  tubercles  are  large,  few  in  number,  sur- 
rounded b\'  spines  which  would  more  readily  pass  as  the  spines  of 
Cidaridse  than  of  Spatangoids.  The  fascioles  are  either  very  in- 
distinctl}'  indicated,  or  else  the  special  fines  have  not  as  yet  made 

2  Among  the  Clypeastroids  I  have  examined  the  young  of  Echinocyamus,  Fibula- 
ria,  Mellita,  Laganum,  Echinarachnius,  Encope,  Clypeaster,  and  Echinanthus. 
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their  appearance  ;  the  ambulacral  suckers  of  the  anterior  zone  are 
as  large  and  prominent  as  those  of  the  young  stages  of  any  of  the 
regular  Echini.  It  is  only  little  by  little,  with  advancing  age,  that 
we  begin  to  see  signs  of  the  specialization  of  the  anterior  and  pos- 
terior parts  of  the  test,  that  we  find  the  characteristic  anal  or  lat- 
eral fascioles  making  their  appearance,  onl}^  with  increasing  size 
that  the  spines  lose  their  Cidaris-like  appearance,  that  the  petals 
begin  to  be  formed,  and  that  the  simple  actinostome  develops  a 
prominent  posterior  lip.  In  the  genus  Hemiaster,  the  3'oung  stages 
are  specially  interesting,  as  long  before  the  appearance  of  the  pet- 
als, while  the  poriferous  zone  is  still  simple,  the  total  separation  of 
the  bivium  and  of  the  trivium  of  the  ambulacral  system,  so  charac- 
teristic of  the  earliest  Spatangoids  (the  Dj'sasteridae),  is  very 
apparent.^ 

From  this  rapid  sketch  of  the  changes  of  growth  in  the  principal 
famiUes  of  the  recent  Echini  we  can  now  indicate  the  transforma- 
tions of  a  more  general  character  through  which  the  groups  as  a 
whole  pass. 

In  the  first  place,  while  still  in  the  Pluteus  all  the  3'oung  Echini  are 
Temarkable  for  the  small  number  of  coronal  plates,  and  for  the  ab- 
sence of  any  separation  between  the  actinal  and  abactinal  S3^steras 
and  the  test  proper.  They  all  fiu-ther  agree  in  the  large  size  of  the 
primary  spines  of  the  test,  whether  it  be  the  young  of  a  Cidaris,  an 
Arbacia,  an  Echinus,  a  Cl3'poaster,  or  a  Spatangoid.  They  all  in 
their  youngest  stages  have  simple  vertical  ambulacral  zones ;  be- 
3'ond  this,  we  find  as  changes  characteristic  of  some  of  the  Deemos- 
ticha,  the  specialization  of  the  actinal  S3'stem  from  the  coronal 
plates,  tlie  formation  of  an  anal  S3'stem,  the  rapid  increase  in  the 
number  of  the  coronal  plates,  with  a  corresponding  increase  in  the 
number  of  the  spines  and  a  proportional  reduction  of  their  size,  the 
formation  of  an  abactinal  ring,  and  the  change  of  the  simple  verti- 
cal poriftTous  zone  into  one  composed  of  independent  arcs. 

In  the  Spatangoids  and  Clypeastroids  we  find  common  to  both 
groups  the  shifting  of  the  anal  system  to  its  definite  place,  the  modi- 
fications of  the  a))actin;il  part  of  the  simple  ambulacral  system  in 
order  to  becomci  p(;taloid,  and  the  gradual  change  of  the  elliptical 
ovoid  test  of  tlie  young  to  the  characteristic  generic  test,  aoccm- 

•  For  this  »kc(«  li  of  tlio  oinbryology  of  tlie  Petalosticha  I  have  examined  tlie  ynnnff 
of  E<;hiriolain[iaf,  JCcliinoiieus,  Ecliiiiocardiuin,  BrissopHis,  Agassizia,  Spatangiis,  IJria- 
•us,  and  liemiaHtcr. 


ALEXANDER  AGASSIZ. 


403 


panied  bj  the  rapid  increase  in  the  number  of  the  primary  tu- 
bercles and  spines.  Finall}^  limited  to  the  Spatangoids  are  the 
changes  they  undergo  in  the  transformation  of  the  simple  actinos- 
torae  to  a  labiate  one,  the  specialization  of  the  anterior  and  pos- 
terior parts  of  the  test,  and  the  definite  formation  of  the  fascioles. 

Comparing  this  embryonic  development  with  the  paleontological 
one,  we  find  a  remarkable  similarity  in  both,  and  in  a  general  way 
there  seems  to  be  a  parallelism  in  the  appearance  of  the  fossil  gen- 
era and  the  successive  stages  of  the  development  of  the  Echini  as 
we  have  traced  it. 

We  find  that  the  earlier  regular  Echini  all  have  more  or  less  a 
Cidaris-like  look,  —  that  is,  they  are  Echini  with  few  coronal  plates, 
large  primary  tubercles,  with  radicles  of  a  corresponding  size  ; 
that  it  is  onl}^  somewhat  later  that  the  Diademopsidse  make  their 
appearance,  which,  in  their  turn,  correspond  within  certain  limits 
to  the  modifications  we  have  traced  in  the  growth  of  the  young 
Diadematidse  and  Arbaciadse.  The  separation  of  the  actinal  sys- 
tem from  the  coronal  plates  has  been  effected.  The  poriferous 
zone  has  either  become  undulating,  or  forms  somewhat  indefinite 
open  arcs  ;  we  find  in  all  the  genera  of  this  group  a  larger  number 
of  coronal  plates,  more  numerous  primaries,  the  granules  of  the 
Cidaridae  replaced  by  secondaries  and  miliaries,  and  traces  of  a 
Hemicidaris-like  stage  in  the  size  of  the  actinal  ambulacral  tu- 
bercles. 

Comparing  in  the  same  way  the  paleontological  development  of 
the  Echinidae  proper,  we  find  that,  on  the  whole,  they  agree  well 
with  the  changes  of  growth  we  can  still  follow  to-day  in  their  rep- 
resentatives, and  that,  as  we  approach  nearer  the  present  epoch, 
the  fossil  genera  more  and  more  assume  the  structural  features 
which  we  find  developed  last  among  the  Echinidae  of  the  present 
day.  Very  much  in  the  same  manner  as  a  3'oung  Echinus  devel- 
ops, they  lose,  little  by  little,  first  their  Cidaridian  aflflnities,  which 
become  more  and  more  indefinite,  next  their  Didematidian  affinities, 
if  I  may  so  call  the  j^oung  stages  to  which  they  are  most  closely 
allied,  and,  finally,  with  the  increase  in  the  number  of  the  coronal 
plates,  the  great  numerical  development  of  the  primary  tubercles 
and  spines,  and  that  of  the  secondaries  and  miliaries  which  we  can 
trace  in  the  fossil  Echini  of  the  Tertiaries,  we  pass  insensibly  into 
the  generic  ty])es  characteristic  of  the  present  day. 

Although  we  know  nothing  of  the  embr3'ology  of  the  Salenidae, 
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yet,  like  the  CidariclEe,  they  have  in  a  great  measure  remained  a 
persistent  t3'pe,  the  modifications  of  the  group  being  all  in  the  same 
direction  as  those  noticed  in  the  other  Desmosticha  ;  a  greater  num- 
ber of  coronal  plates,  the  development  of  secondaries  and  miliaries 
combined  with  a  specialization  of  the  actinal  system  not  found  in 
the  Cidaridse. 

An  examination  of  the  succession  of  the  Echinoconidse  shows 
but  little  modification  from  the  earliest  types ;  the  changes,  how- 
ever, are  similar  to  those  undergone  by  the  Clypeastroids  and 
Petalosticha,  though  they  do  not  extend  to  modifications  of  the 
poriferous  zone,  but  are  mainly  changes  in  the  actinostome  and  in 
the  tuberculation.  In  fact,  the  group  of  Echinoconidae  seems  to 
hold  somewhat  the  same  relation  to  the  Clypeastroids  which  the 
Salenidse  hold  to  the  Cidaridse,  and  the  earliest  genus  of  the  group 
(Pygaster)  has  remained,  like  Cidaris,  a  persistent  type  to  the  pres- 
ent day. 

The  earliest  Clypeastroids  are  all  forms  which  resemble  the  Fibu- 
larina  and  the  genera  following  Echinocj'amus  and  Fibularia  ;  they 
are  mainl}'  characterized  b}'  the  same  changes  which  an  Echina- 
rachnius  or  a  Mellita,  for  instance,  undergoes  as  it  passes  from 
its  Echinocyamus  stage  to  the  Laganum  or  Encope  stage.  The 
comparison  is  somewhat  more  complicated  when  we  come  to  the 
Cassiduloids.  The  comparison  of  the  succession  of  genera  in  the 
diflfercnt  families,  as  traced  in  the  Desmosticha  and  Clypeastroids, 
is  made  diflScult  from  the  persistency  of  the  types  preceding  the 
Echinoneidffi  and  tlie  Echiiiolampadai,  which  have  remained  without 
important  modifications  from  the  time  of  the  lower  Cretaceous  ; 
previous  to  that  time  the  modifications  of  the  Cassidulidae  are  found 
to  agree  with  the  changes  which  have  been  observed  in  the  growth 
of  Ecliinohiinpas.  The  early  genera,  like  Pygurus,  have  many  of 
the  characteristics  of  the  test  of  the  young  Echinolampas.  The 
development  of  prominent  bourrelets  and  of  the  floscelle  and  petals 
goes  on  side  by  side  with  that  of  genera  in  which  the  modification 
of  the  actinostome,  of  the  test,  and  of  the  petals  is  far  less  rapid, 
one  group  retaining  tlie  Ecliinoneus  features,  the  other  culminating 
in  th(!  Echinolampas  of  th(!  present  day,  and  having  likewise  a 
persistent  type,  Ecliinolirissus,  wliich  has  remained  with  its  main 
structural  features  unchanged  from  the  Jura  to  the  present  da}'. 
That  is,  wc  find  genera  of  the  Cassidulidai  which  recall  the  early 
Echinoncus  stage  of  Erliinohimpas,  next  the  Caratomus  stage. 
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after  which  the  floscelle,  boiirrelets,  and  petals  of  the  group  be- 
come more  promment  features  of  the  succeeding  genera.  Accom- 
panying the  persistent  t3'pe  Echinobrissus,  genera  appear  in  which 
either  the  bourrelets  or  petals  have  undergone  modifications  more 
extensive  than  those  of  the  same  parts  in  the  genera  of  the 
Echinoneus  or  Caratomus  t3'pe. 

The  earliest  Spatangoids  belong  to  the  Dj'sasteridse,  apparently 
an  aberrant  group,  but  which,  from  the  history  of  the  3'oung  Hemi- 
aster,  we  now  know  to  be  a  strictly  embryonic  tj-pe,  which,  while 
it  thus  has  afilnities  with  the  true  Spatangoids,  still  retains  fea- 
tures of  the  Cassidulidae  in  the  mode  of  development  of  the  actino- 
stome  and  of  the  petals,  as  well  as  of  the  anal  system.  The  genera 
following  this  group,  Holaster  and  Toxaster,  can  be  well  com- 
pared, the  one  to  the  3'oung  stages  of  Spatangus  proper  before  the 
appearance  of  the  petals,  when  the  ambulacra  are  flush  with  the 
test,  and  when  its  test  is  more  or  less  ovoid,  the  other  to  a  some- 
what more  advanced  stage,  when  the  petals  have  made  their  appear- 
ance as  semi-petals.  In  both  cases  the  actinostome  has  the  simple 
structure  characteristic  of  all  the  young  Spatangoids.  The  changes 
we  notice  in  the  genera  which  follow  them  lead  in  the  one  case 
through  very  slight  modifications  of  the  abactinal  system,  of  the 
anterior  and  posterior  extremities  of  the  test,  to  the  Ananchytid- 
like  Spatangoids  of  the  present  daj',  the  Pourtalesiae,  the  genus 
Holaster  itself  persisting  till  well  into  the  middle  of  the  Tertiary 
j)eriod ;  while  on  the  other  side  we  readily  recognize  in  the  Spa- 
tanginae  which  follow  Toxaster  (a  persistent  type  which  has  con- 
tinued as  Palasostoma  to  the  present  da}')  the  genera  which 
correspond  to  the  young  stages  of  such  Spatangoids  as  Spatangus 
and  Brissopsis  of  the  present  day,  genera  which,  on  the  one  hand, 
lead  from  Hemiaster  (itself  still  represented  in  the  present  epoch), 
through  stages  such  as  C3'claster,  Peripneustes,  Brissus,  and  Schi- 
zaster,  and,  on  the  other,  through  Micraster  and  the  like,  to  the 
Spatangoids,  in  which  the  development  of  the  anal  plastron  and 
fasciole  performs  an  important  part,  while  in  the  former  group  the 
development  of  the  peripetalous  fasciole  and  of  the  lateral  fasciole 
>  can  be  followed.    None  of  the  genera  of  Petalosticha  belonging  to 

the  other  groups  develop  an}'  fasciole  in  the  sense  of  circumscrib- 
ing a  limited  area  of  the  test. 

The  comparison  of  the  genera  of  Echini  which  have  appeared 
since  the  Lias  with  the  3'oung  stages  of  growth  of  the  principal 
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families  of  Echini,  shows  a  most  striking  coincidence  amounting 
ahnost  to  identity  between  the  successive  fossil  genera  and  the  va- 
rious stages  of  growth.  This  identity  can,  however,  not  be  traced 
exactl}'  in  the  way  in  which  it  has  usually  been  understood,  while 
there  undoubtedly  exists  in  the  genera  which  have  appeared  one 
ufter  the  other  a  gradual  increase  in  certain  families  in  the  number 
of  forms,  and  a  constant  approach  in  each  succeeding  formation,  in 
the  structiure  of  the  genera,  to  those  of  the  present  day.  It  is  only 
in  the  accordance  between  some  special  points  of  structure  of  these 
genera  and  the  3'oung  stages  of  the  Echini  of  the  present  day  that 
we  can  trace  an  agreement  which,  as-  we  go  further  back  in  time, 
becomes  more  and  more  limited.  We  are  either  compelled  to  seek 
for  the  origin  of  many  structural  features  in  types  of  which  we 
have  no  record,  or  else  we  must  attempt  to  find  them  existing  po- 
tentially in  groups  where  we  had  as  yet  not  succeeded  in  tracing 
them.  The  parallelism  we  have  traced  does  not  extend  to  the 
structure  as  a  whole.  What  we  find  is  the  appearance  among  the 
fossil  genera  of  certain  structural  features  giving  to  the  particular 
stages  we  are  comparing  their  characteristic  aspect.  Thus,  in  the 
succession  of  the  fossil  genera,  when  a  structural  feature  has  once 
made  its  appearance,  it  may  either  remain  as  a  persistent  structure, 
or  it  ma}'  become  gradually  modified  in  the  succeeding  genera  of  the 
same  famil}',  or  it  may  appear  in  another  family,  associated  with 
other  more  marked  structural  features  which  completely  over- 
shadow it.  Take,  for  instance,  among  the  Desmosticha  the  modi- 
fications of  the  poriferous  zone  of  the  actinal  and  abactinal  sy^steras 
of  the  coronal  plates,  of  the  ambulacral  and  interambulacral  s^'s- 
tems,  the  changes  in  the  relative  proportion  of  the  primary  tuber- 
cles, and  the  development  of  the  secondaries.  These  are  all 
structural  features  which  are  modified  independently  one  of  tlie 
other ;  we  may  find  simultaneous  development  of  these  features  in 
parallel  lines,  )>ut  a  very  difierent  degree  of  de\'elopment  of  an}^ 
Bpocial  feature  in  separate  families. 

This  is  as  plainly  shown  in  tlie  cmbrj'ological  as  in  the  paleon- 
toloj^i(;al  d(;v(?lo[)ment.  In  the  Cidarid<x3  there  is  the  minimum  of 
Kl)ecialization  in  these  structural  features.  In  the  Diademopsida3 
there  is  a  greater  range  in  the  diversity  of  the  structure  of  the 
poriferous  zone  and  of  the  coronal  plates,  as  well  as  of  the  actinal 
HVStcni.  'J'hen;  is  a  still  grcatcir  range  among  the  Echinidse,  while 
among  the  Salenidue  the  modiHcations,  as  conipared  to  those  of  the 
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Echinidse  and  Diademopsidge,  are  somewhat  limited  again,  being 
restricted  as  far  as  relates  to  the  poriferous  zone  and  coronal  plates, 
but  specialized  as  far  as  the  actinal  sj'stem  is  concerned,  and  spe- 
cially important  with  reference  to  the  .structure  of  the  apical  S3'S- 
tem.  The  special  lines  in  which  these  modifications  take  place 
produce,  of  course,  all  possible  combinations,  yet  they  give  us  the 
key  to  the  sudden  appearance,  as  it  were,  of  structural  features  of 
which  the  relationship  must  be  sought  in  very  distantly  related 
groups.  It  is  to  this  specialty  in  the  paleontological  development 
that  we  must  trace,  for  instance,  the  Cidarid  affinities  of  the  Sale- 
niie,  their  papilLie,  the  existence  of  few  large  primary  interambula- 
cral  tubercles,  the  structure  of  their  apical  system,  and  their  large 
genital  plates  ;  while  it  is  to  their  affinities  with  the  Hemicidaridse 
that  we  must  refer  the  presence  of  the  few  larger  primary  anibula- 
cral  tubercles  at  the  base  of  the  ambulacral  area,  and  by  their 
Diademopsid  and  Echinidian  affinities  that  we  explain  the  indented 
imbricated  actinal  S3'stem  with  the  presence  of  a  few  genuine  mili- 
aries.  But  all  the  structural  features  which  characterize  the  ear- 
liest t^'pes  of  the  Desmosticha  can  in  reality  be  traced,  onl}^  in  a 
somewhat  rudimentary  form,  even  in  the  Cidaridse.  The  slight 
undulation  of  the  closeh'  packed,  nearly  vertical  poriferous  zone  is 
the  forerunner  of  the  poriferous  zone  first  separated  into  vertical 
arcs  and  then  into  independent  arcs.  The  limitation  in  the  number 
of  the  rows  of  granules  in  the  ambulacral  zone,  and  their  increase 
in  size,  is  the  first  trace  of  the  appearance  of  the  somewhat  larger 
primary  ambulacral  tubercles  of  the  Hemicidaridae  and  Salenige. 
The  existence  of  the  smooth  cylindrical  spines  of  the  abactinal 
region  of  the  test  naturally  leads  to  similar  spines  covering  the 
whole  test  in  the  other  families  of  the  Desmosticha.  The  differ- 
ence existing  in  the  plates  covering  the  actinal  S3'stem  from  those 
of  the  coronal  plates  leads  to  the  great  distinction  between  the 
structure  of  the  actinal  system  and  of  the  coronal  plates  in  some  of 
the  Echinidae. 

Passing  to  the  Ctypeastridse  and  Petalosticha,  we  trace  a  paral- 
lelism of  the  same  kind,  and  readily  follow  in  the  successive  gen- 
era of  fossil  CU^peastroids,  but  often  in  widely  separated  genera, 
the  precise  modifications  which  the  poriferous  zone  has  undergone 
as  it  first  becomes  known  to  us  in  Echinoc3-amus  and  Fibularia,  and 
as  we  find  it  in  the  most  complicated  petaloid  stage  of  the  Clype- 
astroids  of  the  present  day.    We  readily  trace  the  changes  the  test 
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undergoes  from  its  comparatively  ovoid  and  swollen  shape  to  asspme 
first  that  of  the  less  gibbous  forms,  next  that  of  the  Laganidae,  and 
finally  of  the  flat  Scutellidae  ;  while  we  trace  in  the  Echinanthidse  the 
persistent  structural  features  of  some  of  the  earliest  C^ypeastroids, 
together  with  an  excessive  modification  of  the  poriferous  zone. 
Likewise  for  the  Echinoconidie  we  trace  mainly  the  shght  modifica- 
tions of  the  poriferous  zone  and  of  the  coronal  plates,  and  finally, 
when  we  come  to  the  Spatangidse  we  find  no  difficulty  in  tracing 
from  the  most  Desmostichoid  of  the  Spatangoid  genera,  the  modifica- 
tions of  a  test  in  which  the  ambulacral  and  interambulacral  areas  are 
made  up  of  plates  of  nearly  uniform  size,  in  which  the  anterior  and 
posterior  extremities  are  barely  specialized,  to  the  most  typical  of 
the  Ananchytidse,  in  which  the  anterior  and  posterior  extremities 
have  developed  the  most  opposite  and  extraordinary  structural 
features.  In  a  similar  way  we  can  trace  among  the  fossil  genera  of 
diff'erent  famihes  the  gradual  development  of  the  actinal  plastron 
from  its  ver}^  earliest  appearance  as  a  modification  of  the  posterior 
interambulacral  area  of  the  actinal  side,  or  the  growth  of  the  pos- 
terior beak  into  an  anal  snout,  the  successive  changes  of  the  anal 
groove,  the  formation  of  the  actinal  labium,  or  the  development  of 
the  bourrelets  and  phyllodes  from  a  simple  circular  actinostome,  the 
gradual  deepening  of  the  slight  anterior  groove  of  some  early  Spa- 
tangoid to  form  the  deepl}'  sunken  actinal  groove.  Equally  well  we 
can  trace  the  modifications  of  the  ambulacral  sj'stem  as  it  passes 
from  the  simple  poriferous  zones  of  the  earlier  Spatangoids  to  gen- 
era in  which  the  petaliferous  portion  makes  its  appearance,  and 
finally  becomes  the  specialized  structure  of  our  recent  Spatangoid 
genera,  such  as  Schizaster,  Moira,  and  the  like.  Finally',  we 
can  trace  to  a  certain  extent  the  development  of  the  fascioles  on 
one  side  from  genera  like  Ilemiaster,  in  which  the  peripetalous  fas- 
ciole  is  prominent,  to  genera  like  Brissopsis,  Brissus,  and  the  like, 
of  the  present  day ;  on  the  other,  perhaps,  or  in  both  combined, 
the  formation  of  a  lateral  and  anal  fasciole  from  genera  like  Mi- 
crastcr  in  Si)Jitangus  and  Agassizia.  Thus  we  must,  on  the  same 
theory  of  tlie  independent  modifications  of  special  structural  fea- 
tures, trace  tlie  many  and  (complicated  affinities  which  so  constantly 
strike  us  in  making  comparative  studies,  and  which  render  it  im- 
})0s.si])le  for  us  to  (ixpress  the  manifold  nffinities  we  notice,  without 
taking  up  sc[)arately  each  special  structui-e.  Any  attempt  to  take 
up  a  combination  of  characters,  or  a  system  of  combinations,  is 
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sure  to  lead  us  to  indefinite  problems  far  bej'ond  our  power  to 
grasp. 

In  the  oldest  fossil  Cl3'peastroids  and  Petalosticha,  as  well  as  in 
the  Desmosticha,  w^e  also  find  the  potential  expression  of  the 
greater  number  of  the  modifications  subsequenth^  carried  out  in 
genera  of  later  date.  The  semipetaloid  structure  of  some  of  the 
earlier  genera  of  Spatangoids,  the  slight  modifications  of  some  of 
the  plates  of  the  actinal  side  near  the  actinostome,  are  the  precur- 
sors, the  one  of  the  highl}'  complicated  petaloid  ambulacra  of  the 
recent  Spatangoids,  the  other  of  the  actinal  plastron,  leading  as  it 
does  also  to  the  important  differences  subsequentl}'  developed  in 
the  anterior  and  posterior  extremities  of  the  test,  as  well  as  to  the 
modifications  which  lead  to  the  existence  of  a  highly  labiate  acti- 
nostome. The  appearance  of  a  few  miliaries  near  the  actinostome 
constitutes  the  first  rudimentary  bourrelets. 

Going  back  now^  to  the  Palaechinidae,  the  earliest  representatives 
of  the  Echini  in  palaeozoic  times,  without  any  attempt  to  trace  the 
descent  of  an}^  special  t3'pe  from  them,  we  may  perhaps  find  some 
clew  to  the  probable  modifications  of  their  principal  structural  fea- 
tures preparator}"  to  their  gradual  disappearance.  In  the  structure 
of  the  coronal  plates,  the  specialization  of  the  actinal  and  abacti- 
nal  S3'stems,  the  conditions  of  the  ambulacral  S3'stem,  we  must 
compare  them  to  stages  in  the  embryonic  development  of  our  recent 
Echini  with  which  we  find  no  analogues  in  the  fossil  Echini  of  the 
Lias  and  the  subsequent  formations.  In  order  to  make  our  paral- 
lelism, we  must  go  back  to  a  stage  in  the  embrj^onic  history  of  the 
3'oung  Echini  in  which  the  distinction  to  be  made  between  the  am- 
bulacral and  interambulacral  S3'stems  is  ver3'  indefinite,  in  which 
the  apical  S3'stem  is,  it  is  true,  specialized,  but  in  which  the  actinal 
system  remains  practicall3"  a  part  of  the  coronal  S3'stem.  But  hero 
the  comparison  ceases,  and,  although  we  can  trace  in  the  paleonto- 
logical  development  of  such  t3'pes  as  Archseocidaris  or  Bothrioci- 
daris  modifications  which  would  lead  us  without  great  diflScult3',  on 
the  one  side  to  the  Cidaridae,  and  on  the  other  to  the  Echinothuriae 
and  Diadematidag  of  the  present  da3^,  we  cannot  fail  to  see  most 
>  definite  indications  in  some  of  the  structural  features  of  the  Palae- 

chinidae of  characteristics  which  we  have  been  accustomed  to  asso- 
ciate with  higher  groups.  The  minute  tuberculation,  for  instance, 
of  the  Clypeastroids  and  Spatangoids,  alread3^  existing  in  the  Melo- 
nitidae,  the  genital  ring,  and  anal  system,  are  quite  as  much  Echinid 
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as  Cidarid.  The  polyporous  genera  of  the  group  represent  to  a 
certain  extent  the  polj'pori  of  the  regular  Echini,  and  the  lapping 
of  the  actinal  plates  of  the  Cidaridse  and  of  the  coronal  plates  in 
some  of  the  Diadematidie,  as  well  as  the  existence  of  such  genera 
as  Tetracidaris,  of  four  interambulacral  plates  in  Astrop^ga,  and 
of  a  large  number  of  ambulacral  plates  in  some  of  the  recent 
Echinometradne,  all  these  are  Palsechinid  characters  which  we  can 
explain  on  the  theory  of  the  independent  development  of  the  struc- 
tural features  of  which  they  are  modifications.  We  should,  how- 
ever, remember,  that  the  existence  of  a  large  number  of  coronal 
plates,  especially  interambulacral  plates,  in  the  Palsechinidse,  is  a 
mere  vegetative  character,  which  they  hold  in  common  with  all  the 
Crinoids,  —  a  character  which  is  reduced  to  a  minimum  among  the 
Holothurians,  and  still  persists  in  full  force  among  the  Pentacrini 
of  the  present  day,  as  well  as  the  Astrophytidse  and  Echinidae. 

It  would  lead  me  too  far  to  institute  the  same  comparison  be- 
tween the  embrj'onic  stages  of  the  different  orders  of  Echinoderms 
and  their  earliest  fossil  representatives.  We  may,  however,  in  a 
ver}'  general  way,  state  that  we  know  the  earliest  embryonic  stages 
of  the  orders  of  Echinoderms  of  to-day,  which,  with  the  exception 
of  the  Blastoidea  and  C3'stideans,  are  identical  with  the  fossil  or- 
ders, and  that  as  far  as  we  know  the}*  all  begin  at  a  stage  where  it 
would  be  impossible  to  distinguish  a  Sea-urchin  from  a  Star-fish, 
or  an  Ophiuran,  or  a  Crinoid,  or  an  Holothurian,  —  a  stage  in  which 
the  test,  cal^'x,  abactinal  and  ambulacral  S3'stems  are  reduced  to 
a  minimum.  From  this  identical  origin  there  is  developed  at  the 
present  da}',  in  a  comparatively  short  period  of  time,  either  a  Star- 
fish, a  Sea-urchin,  or  a  Crinoid  ;  and  if  we  have  been  able  success- 
fully to  compare,  in  the  development  of  typical  structures,  the 
embr3'onic  stages  of  the  young  Echini  with  their  development  in 
the  fossil  genera,  we  may  fairly  assume  that  the  same  process  is 
applicable  when  instituting  the  comparison  within  the  different  lim- 
its of  tiie  orders,  but  with  the  same  restrictions.  That  is,  if  we 
wish  to  form  souk;  idea  of  the  probable  course  of  transformations 
wliicli  the  eai  liest  Echinoderms  have  undergone  to  lead  us  to  those 
of  present  day,  we  are  justified  in  seeking  for  our  earhcst  rep- 
reH(;ntatives  of  tlie  orders  such  Ecliinoderms  as  resemble  the  early 
stages  of  our  eml)ryos,  and  in  following,  for  them  as  for  the  Echini, 
th(5  morlifications  of  typical  structures.  These  we  shall  have  every 
reason  to  expect  to  find  repeated  in  the  fossils  of  later  periods,  and, 
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going  back  a  step  further,  we  may  perhaps  get  an  indefinite 
gUmpse  of  that  first  Echinodermal  stage  which  should  combine  the 
structural  features  common  to  all  the  earliest  stages  of  our  Echino- 
derm  embr3'os. 

And  yet,  among  the  fossil  Echinoderms  of  the  oldest  periods,  we  « 
have  not  as  yet  discovered  this  earliest  t3^pe  from  which  we  could 
derive  either  the  Star-fishes,  Ophiurans,  Sea-urchins,  or  Holothu- 
rians.  With  the  exception  of  the  latter,  which  we  can  leave  out  of 
the  question  at  present,  we  find  all  the  orders  of  Echinoderms  ap- 
pearing at  the  same  time.  But  while  this  is  the  case,  one  of  the 
groups  attained  in  these  earliest  days  a  prominence  which  it 
gradually  loses  with  the  corresponding  development  of  the  Star- 
fishes, Ophiurans,  and  Sea-urchins,  it  has  steadily  declined  in 
importance ;  it  is  a  type  of  Crinoids,  the  C3'stideans  which  cul- 
minated during  Paleozoic  times,  and  completely  disappeared  long- 
before  the  present  day.  If  we  compare  the  early  types  of  Cyg- 
tideans  to  the  t3'pical  embryonic  Echinodermal  t3'pe  of  the  pre- 
sent da3^,  we  find  they  have  a  general  resemblance,  and  that  the 
C3'stideans  and  Blastoids  represent  among  the  fossil  Echinoderms 
the  nearest  approach  we  have  3'et  discovered  to  this  imaginar3'  pro- 
tot3^pe  of  Echinoderms. 

This  ma3'  not  seem  a  ver3'  satisfactory  result  to  have  attained. 
It  certainly  has  been  shown  to  be  an  impossibilit3'  to  trace  in  the 
paleontological  succession  of  the  Echini  an3'thing  like  a  sequence  of 
genera.  No  direct  filiation  can  be  shown  to  exist,  and  3'et  the  ver3^ 
existence  of  persistent  t3'pes,  not  onl3^  among  Echinoderms,  but 
in  ever3'  group  of  marine  animals,  genera  which  have  continued  to 
exist  without  interruption  from  the  earliest  epochs  at  which  the3' 
occur  to  the  present  da3^,  would  prove  conclusivel3'  that  at  an3^  rate 
some  groups  among  the  marine  animals  of  the  present  da3'  are  the 
direct  descendants  of  those  of  the  earliest  geological  periods. 
"When  we  come  to  t3'pes  which  have  not  continued  as  long,  but 
3'et  which  have  extended  through  two  or  three  great  periods,  we 
must  likewise  accord  to  their  latest  representatives  a  direct  descent 
from  the  older.  The  ver3'  fact  that  the  ocean  basins  date  back  to 
the  earliest  geological  periods,  and  have  afforded  to  the  marine 
animals  the  conditions  most  favorable  to  an  unbroken  continuit3' 
under  sligbtl3"  var3'ing  circumstances,  probably  accounts  for  the 
great  range  in  time  during  which  many  genera  of  Echini  have  ex- 
isted.   If  we  examine  the  interlacing  in  the  succession  of  the 
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genera  characteristic  of  later  geological  epochs,  we  find  it  an  im- 
possibilit\'  to  den}-  their  continuity  from  the  time  of  the  Lias  to  the 
present  da»3\  The  Cidaris  of  the  Lias  and  the  Rhabdocidaris  of 
the  Jura  are  the  ancestors  of  the  Cidaris  of  to-day.  The  Salenise 
of  the  lower  Chalk  are  those  of  the  Salenise  of  to-day.  Acrosalenia 
extends  from  the  Lias  to  the  lower  Cretaceous,  with  a  number  of 
recent  genera,  which  begin  at  the  Eocene.  The  Pygaster  of  to- 
day dates  back  to  the  Lias  ;  Echinocyamus  and  Fibularia  commence 
with  the  Chalk.  Pyrina  extends  from  the  lower  Jura  through  the 
Eocene.  The  Echinobrissus  of  to-da}^  dates  back  to  the  Jura. 
Holaster  lived  from  the  lower  Chalk  to  the  Miocene,  and  the 
Hemiaster  of  to-day  cannot  be  distinguished  from  the  Hemiaster 
of  the  lower  Cretaceous. 

Such  descent  we  can  trace,  and  trace  as  confidently  as  we  trace 
a  part  of  the  population  of  North  America  of  to-day  as  the  de- 
scendants of  some  portion  of  the  population  of  the  beginning  of 
this  centur}'.  But  we  can  go  no  further  with  confidence,  and  bold 
indeed  would  he  be  who  would  attempt  even  in  a  single  State  to  trace 
the  genealog}'  of  the  inhabitants  from  those  of  ten  3'ears  before. 
We  had  better  acknowledge  our  inability  to  go  beyond  a  certain 
point ;  anything  beyond  the  general  parallelism  I  have  attempted 
to  trace,  which  in  no  way  invalidates  the  other  proposition,  we 
must  recognize  as  hopeless. 

But  in  spite  of  the  limits  which  have  been  assigned  to  this  gen- 
eral parallelism,  it  still  remains  an  all-essential  factor  in  elucidating 
the  history-  of  paleontological  development,  and  its  importance  has 
but  recentl}'  been  fully  appreciated.  For,  while  the  fossil  remains 
ma}'  give  us  a  strong  presumptive  evidence  of  the  gradual  passage 
of  one  type  to  another,  we  can  onl}^  imagine  this  modification  to 
take  place  bv  a  process  similar  to  that  which  brings  about  the  modifi- 
cations due  to  different  stages  of  growth,  —  the  former  taking  place 
in  what  ma}'  practically  be  considered  as  infinite  time  when  com 
pared  to  the  short  life  history  which  has  given  us  as  it  were  a 
resume  of  the  paleontological  development.  We  may  well  pause 
to  reflect  that  in  tin;  two  modes  of  development  we  find  the  same 
periods  of  rnpid  inodifir;itions  occurring  at  certain  stages  of  growth 
or  of  historic  d(;velopment,  r(q)eating  in  a  different  direction  the 
same  phases.  Do(!H  it  then  pass  the  limits  of  analogy  to  assume 
that  the  changcH  we  see  taking  place  undci'  our  own  eyes  in  a  com- 
paratively short  Hp.'ice  of  tune,  —  changes  which  extend  fmm  stngea 
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representing  perhaps  the  original  type  of  the  group  to  their  most 
complicated  structures,  —  ma}',  perhaps,  in  the  larger  field  of 
paleontological  development,  not  have  required  the  infinite  time 
we  are  in  the  habit  of  asking  for  them  ? 

Paleontologists  have  not  been  slow  in  following  out  this  suggest- 
ive track,  and  those  who  have  been  anatomists  and  embrjologists 
besides  have  not  onh'  entered  into  most  interesting  speculations 
regarding  the  origin  of  certain  groups,  but  they  have  carried  on  the 
process  still  further,  and  have  given  us  genealogical  trees  where  we 
may,  in  the  twigs  and  branches  and  main  limbs  and  trunk,  trace 
the  complete  filiation  of  a  group  as  we  know  it  to-day,  and  as 
it  must  theoretically  have  existed  at  various  times  to  its  ver}'  be- 
ginning. While  we  cannot  but  admire  the  boldness  and  ingenuity 
of  these  speculations  upon  genetic  connection  so  recklessty  launched 
during  the  last  fifteen  3'ears,  we  find  that  with  but  few  exceptions 
there  is  little  to  recommend  in  reconstructions  which  shoot  so  wide 
of  the  facts  as  far  as  they  are  known,  and  seem  so  readily  to  ignore 
them.  The  moment  we  leave  out  of  sight  the  actual  succession  of 
the  fossils  and  the  ascertainable  facts  of  postembrj^onic  develop- 
ment, to  reconstruct  our  genealogy,  we  are  building  in  the  air. 
Ordinarih",  the  twigs  of  an}'  genealogical  tree  have  on!}'  a  sem- 
blance of  truth  ;  they  lead  us  to  branchlets  having  but  a  slight  trace 
of  probability,  to  branches  where  the  imagination  plaj's  an  im- 
portant part,  to  main  limbs  where  it  is  finall}'  allowed  full  play,  in 
order  to  solve  with  the  trunk,  to  the  satisfaction  of  the  writer  at 
least,  the  riddle  of  the  origin  of  the  group.  It  seems  hardl}'  credi- 
ble that  a  school  which  boasts  for  its  ver}-  creed  a  belief  in 
nothing  which  is  not  warranted  by  common  sense  should  descend 
to  such  trifling. 

The  time  for  genealogical  trees  is  passed  ;  its  futilit}'  can,  per- 
haps, best  be  shown  by  a  simple  calculation,  which  will  point  out  at 
a  glance  what  these  scientific  arboriculturists  are  attempting. 
Let  us  take,  for  instance,  the  ten  most  characteristic  features  of 
Echini.  The  number  of  possible  combinations  which  can  be  pro- 
duced from  them  is  so  great  that  it  would  take  no  less  than  twenty 
years,  at  the  rate  of  one  new  combination  a  minute  for  ten  hours  a 
day,  to  pass  them  in  review.  Remembering  now  that  each  one  of 
these  points  of  structure  is  itself  undergoing  constant  modifica- 
tions, we  may  get  some  idea  of  the  nature  of  the  problem  we  are 
attempting  to  solve,  when  seeking  to  trace  the  genealog}-  as  under- 
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stood  b}'  the  makers  of  genealogical  trees.  On  the  other  hand,  in 
spite  of  the  milhons  of  possible  combinations  which  these  ten  char- 
acters ma}^  assume  when  affecting  not  simpty  a  single  (Combination, 
but  ah  the  combinations  v/hich  might  arise  from  their  extending 
over  several  hundred  species,  we  3'et  find  that  the  combinations 
which  actually  exist  —  those  which  leave  their  traces  as  fossils  — 
fall  immensely  short  of  the  possible  number.  We  have,  as  I  have 
stated,  not  more  than  twenty- three  hundred  species  actually  repre- 
senting for  the  Echini  the  results  of  these  endless  combinations. 
Is  it  astonishing,  therefore,  that  we  should  fail  to  discover  the 
sequence  of  the  genera,  even  if  the  genera,  as  is  so  often  the  case, 
represent,  as  it  were,  fixed  embr3'onic  stages  of  some  Sea-urchin 
of  the  present  day  ?  In  fact,  does  not  the  very  history  of  the  fos- 
sils themselves  show  that  we  cannot  expect  this?  Each  fossil  sjdc- 
cies,  during  its  development,  must  have  passed  through  stages 
analogous  to  those  gone  through  hy  the  Echini  of  the  present  day. 
Each  one  of  these  stages  at  every  moment  represents  one  of  the 
possible  combinations,  and  those  which  are  actually  preserved  cor- 
respond only  to  the  particular  period  and  the  special  combination 
which  any  Sea-urchin  has  reached.  These  stages  are  the  true 
missing  links,  which  we  can  no  more  expect  to  find  preserved  than 
we  can  expect  to  find  a  record  of  the  actual  embryonic  develop- 
ment of  the  species  of  the  present  day  without  direct  observation 
at  the  time.  The  actual  number  of  species  in  any  one  group  must 
always  fall  far  short  of  the  possible  number,  and  for  this  reason  it 
is  out  of  the  question  for  us  to  attempt  the  solution  of  the  problem 
of  derivation,  or  to  hope  for  any  solution  bej^ond  one  within  the 
most  indefinite  limits  of  correctness.  If,  when  we  take  one  of  tJie 
most  limited  of  the  groups  of  the  animal  kingdom,  we  find  ourselves 
engaged  in  a  hopeless  task,  what  must  be  the  prospect  should  we 
attack  tlie  problem  of  other  classes  or  groups  of  the  animal  king- 
dom, where  the  species  run  into  the  thousands,  while  they  number 
only  tens  in  the  case  we  have  attempted  to  follow  out?  Shall  wc 
say  "  ignorabimus,"  or  "  impavidi  progrediamus "  and  valiantly 
chase  a  phantom  we  can  never  hope  to  seize? 
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On  the  Progress  of  Geological  Investigation  in  New  Bruns- 
wick, 1870-1880.    By  L.  W.  Bailey,  of  Fredericton,  N.  B. 

To  the  student  of  the  physical  geography  and  geology  of  east- 
ern America,  I  need  scarcely  say  that  the  Province  of  New 
Brunswick  possesses  features  of  peculiar  interest.  Lying  along 
the  western  border  of  the  great  St.  Lawrence  Gulf,  and  including 
the  larger  part  of  the  great  Acadian  basin  now  above  the  sea 
level,  it  well  exhibits  in  its  different  portions  the  peculiarities  of 
that  basin,  and  in  the  features  of  its  rock-formations,  the  more 
prominent  phases  of  its  history.  Adjoining  also  the  extensive 
metamorphic  tract  of  New  England,  from  which  spurs  of  highly 
crystalline  rocks  traverse  portions  of  its  area,  it  at  the  same  time 
differs  from  the  latter  in  being  in  general  less  profoundly  altered, 
and  in  containing  a  much  larger  number  of  fossiliferous  formations 
as  horizons  for  its  study.  In  this  way  it  becomes,  to  a  certain 
extent,  a  key  to  the  geology  of  northeastern  America,  and  as 
such,  acquires  a  general  as  well  as  a  local  interest. 

At  the  meeting  of  the  Association  in  Salem,  a  little  more  than 
ten  years  ago,  I  had  the  honor  of  bringing  before  your  notice,  in 
connection  with  Mr.  G.  F.  Matthew,  of  St.  John,  a  paper  upon 
this  subject  with  special  reference  to  its  bearing  upon  the  geology 
of  eastern  Maine.  I  now  propose  to  summarize  briefly  the  results, 
obtained  for  the  most  part  in  connection  with  the  work  of  the 
Geological  Survey  of  Canada,  accomplished  during  the  last  decade 
—  so  far,  at  least,  as  these  tend  to  confirm  or  to  modify  the  views 
then  advanced. 

A  very  considerable  portion  of  the  work  of  the  geological  staff*, 
»  in  the  interval  referred  to,  has  been  topographical,  embracing  more 

exact  measurements  and  delineations  of  the  several  formations. 
The  results  of  this  work,  as  well  as  the  views  now  entertained  as 
to  the  geological  structure  of  the  region,  are  roughly  represented 
upon  the  accompanying  map,  and  more  accurately  upon  a  series 
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of  maps  now  being  issued  from  the  office  of  the  geological  survey, 
of  which  these  are  proofs. 

Pre-Silurian. 

Beginning  with  the  older  formations,  we  have  found  no  reason 
to  depart  from  the  view  first  advanced  by  us,  that,  beneath 
the  fossiliferous  rocks  of  the  St.  John  or  Acadian  Group,  there 
exist  two,  if  not  three  distinct  formations,  equivalent  in  part,  at 
least,  to  the  so-called  Laurentian  and  Huronian  formations  in 
other  parts  of  Canada.  It  has  been  objected  that  this  reference 
has  been  based  upon  the  wholty  valueless  ground  of  lithological 
characteristics,  and  that  the  strata  in  question,  being  destitute  of 
fossils,  may  even  be  Silurian  ;  but  such  objection  entirely  ignores 
the  fact  that,  accompanying  such  differences  of  lithological  char- 
acters, there  is,  at  the  same  time,  the  most  marked  evidence  of 
unconformability.  A  study  of  the  Primordial  rocks  east  of  St. 
John,  in  1879,  placed  this  point  beyond  question,  they  having  been 
then  found  by  me  to  occupy  irregular  troughs  in  the  older  Pre- 
Silurian  rocks,  resting  sometimes  upon  one  and  sometimes  upon 
another  of  the  subdivisions  of  the  latter,  crossing  their  strike 
obliquel}^,  and  having  at  their  base  coarse  conglomerates  made  up 
of  the  waste  of  the  underlying  formations.  The  latter  being  thus 
unquestionably  of  Pre-Silurian  age,  it  is  equally  obvious  that  in 
their  vast  thickness,  in  the  markedly  different  conditions  under 
which  their  several  divisions  were  accumulated,  and  finally  in  the 
further  unconformability  indicated  between  these  divisions,  they 
represent  a  vast  interval  of  time,  and  are  at  least  as  old  as  the 
Huronian  and  portions  of  the  Laurentian  system,  which  in  all 
their  physical  characters  they  so  nearly  resemble.  No  more 
marked  coordination  of  distant  formations  could  be  desired  than 
is  here  furnished  between  the  great  mass  of  coarse  gneisses  at  the 
base  of  the  scries,  associated  with  finer  gneisses,  quartzitcs, 
graphitic  and  serpentinous  limestones  and  dolomites  (the  probable 
equivalents  of  the  Hastings'  scries  of  Mr.  Vennor),  and  capped 
by  tiie  great  volcanic  series  of  the  Huronian,  with  its  petrosilicious 
and  felsitic  strata,  ash-rocks  and  agglomerates,  the  whole  uncon- 
formably  traversed  by  bands  of  the  lowest  Cambro-Silurian,  and 
the  siiriihir  succession  observed  about  Lake  Huron  and  elsewhere. 

I  have  only  to  arid  that  these  Pre-Silurian  rocks,  as  represented 
upon  tjjc  maps,  arc  confined  wholly  to  the  region  of  the  southern 
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metamovpbic  hills,  nothing  of  equivalent  age  or  character  having 
3-et  been  klenlified  in  the  more  central  and  northern  portions  of 
the  Province. 

It  should  be  added  in  this  connection  that  in  the  rocks  here 
assigned  to  the  Huronian,  tliere  are  as  a  whole  two  well-marked 
divisions,  the  lower  (or  Coldbrook  group)  consisting  almost 
entirel}^  of  fine  grained  felsitic  strata,  with  diorites,  amygdaloids 
and  porphyries,  and  the  upper  (or  Coastal  group)  of  schistose 
rocks,  often  talcoid  or  nacreous,  with  conglomerates  and  lime- 
stones and  holding  ores  of  copper,  and  that  between  the  two  there 
is  not  unfrequently  evidence  of  at  least  a  partial  unconformability, 
but  in  general  their  relations  to  each  other  are  much  more  intimate 
than  are  their  relations  either  to  the  underlying  Laurentian,  or  to 
the  Primordial  strata  which  overlie  them. 

Lower  Silurian. 

Apart  from  the  fossiliferous  Primordial  or  Menevian  beds  of 
St.  John,  to  which  allusion  has  been  made,  and  of  which,  since 
1870,  no  less  than  four  parallel  belts  have  been  recognized  and 
mapped,  reference  may  here  be  made  to  the  probable  age  of  some 
of  the  great  belts  of  slaty  and  associated  rocks  which,  in  the  j'ear 
referred  to,  were  still  involved  in  obscurit3\  Of  these,  one,  locallj^ 
known  as  the  Kingston  group,  and  consisting  chiefly  of  felspathic 
and  hornblendic  rocks,  but  which,  from  the  intimate  association 
therewith  of  fossiliferous  Upper  Silurian  strata,  was  thought  to 
belong  to  the  latter  formation,  has  l^een  definitely  shown  to  be 
older,  embracing  at  the  same  time  two  members,  of  which  the 
lower,  as  originally  described,  is  Huronian,  and  the  upper,  com- 
posed largely  of  slates,  Lower  Silurian.  A  second  group,  which 
has  been  the  subject  of  much  discussion,  and  upon  which  much 
uncertainty  even  now  exists,  is  that  of  the  great  belt  of  slate 
rocks  which  occupies  the  interval  between  the  granite  hills  of  the 
Nerepis  range,  and  the  southern  margin  of  the  great  central  coal- 
field. Among  these  rocks  two  prominent  divisions  may  be  dis- 
tinguished, of  which  the  one,  and  older,  is  usual)}-  of  a  dark  color, 
and  more  or  less  highly  cr3'stalline  (embracing  fine-grained 
gneisses,  micaceous  quartzites  and  mica  slates,  with  staurolites, 
andalusites  and  garnets),  while  the  upper  is  pale  green,  calcareous 
and  argillaceous,  but  little  altered,  and  the  mica,  though  abundant, 
only  in  tiie  form  of  scattered  scales.    No  evidence  of  unconform- 
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ability  between  these  two  divisions  could  be  detected  throughout 
the  extensive  area  in  which  the}^  occur,  while  the  metamorphism 
of  the  lower  beds  seemed  to  be  connected  with  and  proportionate 
to  the  proximity  of  the  granrtic  ridges  upon  and  around  which 
they  were  found  to  repose.  At  several  points  in  connection  with 
the  lower  beds,  fossiliferous  strata,  pronounced  by  Mr.  Billings  to 
occupy  an  horizon  near  the  junction  of  the  Upper  Silurian  and 
Devonian,  were  found,  while  in  the  upper,  obscure  remains  of  plants 
were  met  with  by  Mr.  Matthevv,  which  in  their  outline  recalled 
some  of  the  characteristic  ferns  of  the  rich  Devonian  plant  beds 
of  St.  John.  For  these  reasons,  in  the  paper  submitted  to  the 
Association  at  Salem,  in  1869,  the  term  Siluro-Devonian  was 
applied  to  the  first  described  group  and  that  of  Devonian  to  the 
second,  while  some  speculations  based  thereon  were  offered  as  to 
the  age  of  the  granites  and  associated  slates  which  form  so  striking 
a  feature  in  the  geology  of  the  central  portion  of  the  Province  and 
of  eastern  Maine. 

Since  the  date  of  the  meeting  referred  to,  though  much  attention 
has  been  devoted  to  the  subject,  no  more  definite  data  as  to  the 
ase  of  these  argillites  in  southern  New  Brunswick  has  been  ob- 
tained,  their  highly  disturbed  condition  favoring  the  occurrence  of 
faults,  and  their  obscure  bedding  making  the  study  of  their  strat- 
igraphy extremely  diflScult ;  while  through  far  the  greater  part  of 
the  beds  there  appears  to  be  an  entire  absence  of  organic  remains. 
Some  observations,  however,  made  during  the  last  two  seasons, 
partly  by  Mr.  Matthew  and  partly  by  myself,  on  the  resembling 
bands  of  rock  which  traverse  the  more  central  portions  of  the 
Province,  farther  north,  have  afforded  some  facts  which,  though 
not  yet  fully  worked  out,  promise  to  throw  some  important  light 
upon  the  question  under  discussion. 

The  metamorphic  tract  bounding  the  great  central  triangular 
coal-ljasin  of  the  Province  on  the  north,  like  that  to  the  south, 
consists  (tsscntially  of  an  axis  of  granitic  rock,  varying  from  ten 
to  twch'c  miles  in  breadth,  which  upon  either  side  is  flanked  by 
highly  disluibed  sedimentary  l)eds,  of  which  the  great  bulk  in 
each  case  fir<!  ai  gillites,  of  various  degrees  of  coarseness.  Between 
these  two  K(;tH  of  flnnking  strata,  some  very  noticeable  differences 
may  be  observed  :  for  wliilc,  along  the  southern  side  of  the  granitic 
mass,  no  rocks  are  seen  other  than  simple  slates  and  sandstones, 
in  rr-peated  alternations,  and  these,  even  within  a  few  yards  of  the 


BY  L.  W.  BAILEY. 


419 


granite,  retain  their  features  unaltered  ;  on  the  northern  side,  there 
is  interposed,  between  the  latter  and  the  corresponding  slates  and 
sandstones  of  Woodstock,  a  wide  belt  of  highly  crystallized  sed- 
iments, consisting  of  fine  grained  gneisses  and  quartzites,  with 
micaceous,  cliloritic  and  hornblendic  schists ;  while  along  the  axes 
of  the  parallel  folds  into  which  the  slates  are  thrown,  are  found 
considerable  bands  of  other  hornblendic  rocks,  such  asdiorites  and 
am3'gdaloids,  which  at  times  graduate  into  true  syenites.  These 
crystalline  strata  are  also  highly  calcareous  and  at  some  points 
contain  considerable  deposits  of  limestone,  while  the  slaty  and 
arenaceous  beds  are  almost  entirely  destitute  of  this  material.  It 
is  thus  probable  that  somewhat  lower  beds  are  exposed  upon  the 
northern  than  upon  the  southern  side  of  the  granitic  axis,  but  a 
careful  study  of  both  leaves  little  doubt  that,  as  a  whole,  they  are 
the  same  series,  while  the  resemblance  of  both  to  the  dark  argillite 
series  of  the  southern  counties  is  most  striking.  Admitting  their 
identity  —  and  the  resemblance  can  be  traced  even  to  the  most 
minute  particulars  —  we  have  in  this  central  area,  as  in  that  to  the 
south,  two  essentially  distinct  slaty  groups,  of  which  the  dark 
colored  and  more  or  less  altered  strata  last  described  are  one,  and 
the  second  a  series  of  finer  slates,  of  paler  color  and  highly  calca- 
reous, with  only  scattered  scales  of  mica,  occupying  much  of  the 
country  north  of  the  Woodstock  Branch  Railway.  Neither  of 
these  two  groups  has  3^et  been  worked  out  in  detail,  but  from  such 
observations  as  have  been  made,  it  is  thought  probable  that  the 
uppermost  group  will  be  found  to  be  continuous  with  the  great 
area  of  Upper  Silurian  rocks  known  to  occupy  the  northern  portion 
of  the  county  of  Carleton,  while  the  lower  is  an  unconformable 
series,  representing  some  portion  of  the  Lower  Silurian  formation. 
In  this  connection  it  is  interesting  to  notice  that  in  the  north- 
eastern part  of  the  same  county,  and  in  a  position  corresponding 
to  the  trend  of  the  beds  now  described,  Mr.  Matthew  has  recently 
succeeded  in  recognizing  two  unconformable  series  both  containing 
graptolites  and  other  fossils,  and  which  seem  to  furnish  strong 
corroboration  of  the  conclusions  referred  to.  It  may  be  added 
that  the  character  of  a  portion  of  these  fossils,  together  with  the 
occurrence  with  the  argillites  of  the  upper  series  of  considerable 
deposits  of  iron  ore,  render  it  probable  that  they  are  in  part  the 
representatives  of  the  Clinton  group  of  the  New  York  series, 
while  the  lower  beds,  as  has  been  long  supposed,  are  the  probable 
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equivalents  of  the  Quebec  group  and  Taconic  rocks  of  western 
New  England.  Should  these  views  be  confirmed  by  further  inves- 
tigation, the  general  structure  of  this  region  will  be  not  unlike 
that  recently  described  by  Principal  Dawson  in  connection  with 
the  fossiliferous  iron  ores  of  Pictou,  Nova  Scotia. 

Granites,  etc. 

In  this  connection  it  is  interesting  to  notice  the  peculiar  and 
often  very  different  relations  in  which  the  sedimentary  beds,  which 
have  been  described,  stand  to  the  granitic  and  other  crystalline 
rocks  with  which  they  are  associated.  It  has  already  been  stated 
that  while,  on  the  southern  side  of  the  main  granitic  axis,  the  flank- 
ing strata  even  in  close  proximity  to  the  latter  show  little  evidence 
of  alteration,  those  upon  the  north  are  but  little  less  crystalline 
than  the  granite  itself ;  but  it  may  now  be  added  that  this  difference 
is  accompanied  by  another  which  is  equally  striking,  viz.,  that 
while  along  the  one  the  line  of  contact,  where  visible,  is  regular 
and  uniform,  on  the  other  it  is  characterized  b}^  extreme  complex- 
it}',  veins  from  the  granitic  mass,  of  all  sizes  and  shapes  and  of 
the  most  irregular  description,  penetrating  the  schistose  rocks  in 
all  directions,  while  not  unfrequently  numerous  blocks,  or  what 
appear  to  have  been  detached  masses  of  gneiss  or  sandstone,  are 
completely  surrounded  by  or  embedded  in  the  granite  in  such  a 
way  as  to  look  like  a  coarse  conglomerate.  Notwithstanding  this 
intimate  association,  however,  it  is  curious  to  observe  that  each 
rock  commonly  preserves  its  peculiar  features  unaltered,  the  con- 
tacts being  sharp  and  abrupt,  while  the  stratification,  the  texture 
and  even  the  color  of  the  enclosed  masses  have  been  entirely 
unaffected.  While  such  facts  point  conclusively  to  an  intrusive 
or  exotic  origin  for  these  granitic  bands,  as  well  as  to  the  very 
sliglit  elevation  of  temperature  which  must  have  accompanied 
their  formation,  an  equally  marked  but  very  different  mode  of 
occurrence  is  found  to  [)revail  in  the  case  of  the  dioi  itic  and  syen- 
itic  l  ocks  which  accompany  the  shitcis  and  sandstones  fnrtlicr  north. 
These  are  crjually  crystalline*,  but  while  containing  hornblende  in 
the  jilace  of  mica,  and  often  large  quantities  of  epidote,  they 
appear  to  be  only  a  more  highly  altcMCid  form  of  the  associated 
sedimentary  beds,  th(;se  latter  consisting  chiefly  of  bedded  ash- 
rocks,  felsites,  amygdaloids,  etc.,  passing  by  regular  but  very 
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gradual  gradations  into  typical  syenites.  In  neither  case  is  an}^ 
countenance  given  to  the  view  that  these  great  bands  of  crystalline 
rocivs,  which  traverse  the  whole  breadth  of  the  Province,  and 
extend  to  the  westward  through  a  large  part  of  the  State  of  Maine, 
are  of  Laurentian  age  or  of  greater  antiquit}^  than  that  of  the 
stratified  formations  with  which  they  are  associated. 

Upper  Silurian. 

Of  the  Upper  Silurian  formation,  it  is  only  further  necessar}'  to 
saj',  in  the  present  connection,  that,  in  addition  to  the  areas  alread}- 
referred  to,  this  age  can  now  be  definitely  assigned  to  the  very 
remarkable  group  of  rocks  surrounding  Passamaquoddy  Ba}-,  and 
which  include  the  peculiar  orthophyres  or  felspar-porphyries  of 
Eastport  and  Pembroke,  Me.,  these  latter  having  been  found  to 
rest  directly  and  almost  horizontally  upon  a  series  of  fossiliferous 
sandstones,  identical  with  those  which  at  the  last-named  locality 
have  been  long  known  to  contain  a  rich  Upper  Silurian  fauna. 
Another  instance  of  the  difficulty  of  distinguishing  the  rocks  of 
this  most  variable  formation  is  to  be  found  in  the  occurrence,  first 
observed  by  Mr.  Matthew,  of  corals  and  other  Silurian  organic 
remains  on  the  Long  Reach  of  the  St.  John  River,  in  am3^gdaloidal 
ash-rocks,  which  are  undistinguishable  lithologically  from  those  of 
the  Iluronian  formation,  and  which,  like  those  of  Passamaquoddy 
Ba}',  had  previously  been  referred  to  this  horizon. 

Of  the  later  formations  of  the  Devonian,  Carboniferous  nnd  Tri- 
assic,  it  is  sufficient  to  sa^^  that  much  detailed  work  has  been 
devoted  to  each,  the  results  of  which  are  fully  set  forth  in  the 
published  reports  of  the  Canadian  Surve}^,  but  none  of  these  are  of 
such  general  interest  as  to  require  more  particular  reference  here. 
It  is  hoped  that  the  geological  map,  now  upon  the  point  of  being 
issued,  will  awaken  renewed  interest  in  the  structure  of  our  great 
eastern  geological  basin,  and  lead  to  its  closer  correlation  with 
that  of  the  west. 
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The  Cupriferous  Series  in  Minnesota.    By  N.  H.  Winchell, 
of  Minneapolis,  Minn-, 

The  red  shales  and  sandstones  interstratified  with  the  igneous 
rocks  of  the  cupriferous  series  along  the  shore  of  Lake  Superior 
in  Minnesota,  show  various  stages  and  kinds  of  metamorphism. 
"While  in  some  places,  as  at  Good  Harbor  bay,  they  are  not  much 
changed  by  contact  with  the  igneous  layers  separating  them,  in 
other  places  they  show  a  broken  stratification,  and  a  tough  and 
siliceous  textnre,  as  at  Tischer's,  near  Duluth,  where  these  beds 
are  finely  and  angularly  jointed,  have  a  red  color  and  sometimes 
a  jaspery  or  conchoidal  fracture.  In  other  places  they  take  on  a 
dull  brown  color,  passing  to  a  greenish-brown,  becoming  slaty 
and  firm,  or  when  in  close  proximity  to  igneous  dikes,  becoming 
black,  dense  and  basaltiform,  as  at  points  east  of  Grand  Marais. 
In  the  segregation  of  minerals,  the  first  to  appear  are  calcite  and 
laumontite.  These  are  disseminated  with  varying  abundance 
through  the  shaly  layers,  as  well  as  through  the  aluminous  and 
red  conglomerates,  as  seen  at  the  mouth  of  the  Manitou  river  and 
at  numerous  other  places.  They  gather  in  seams,  or  in  certain 
parts  of  the  mass,  or  in  the  form  of  amygdules  throughout  the 
thickness  of  the  exposed  layers.  This  formation  of  laumontitic 
amygdaloids  is  particularly  noticeable  in  those  layers  whose 
thickness  is  from  a  foot  or  two  to  twenty-five  or  thirty  feet,  and 
sometimes  several  may  be  seen  alternating  in  the  same  bluff,  or 
in  a  few  rods  along  the  shore,  with  beds  of  undoubted  doleritic 
rock,  as  on  the  west  coast  of  Agate  bay,  where  may  be  seen  five 
layers  of  igneous  rock  with  four  alternating  layers  of  crumbling, 
thin-bedded  laumontitic  amygdaloid,  styled  "  volcanic  grits"  by 
Norwood. 

Those  amygdaloids  are  very  susceptible  to  the  destroying  action 
of  the  waves  and  of  the  atmosphere,  and  their  disintegration  is 
the  immediate  cause  of  many  of  the  purgatories  and  isolated 
arched  l)eds  of  traprock  that  ornament  the  north  shore  of  lake 
Sni)(;rior. 

Wlj(;n  tiie  source  and  su[)ply  of  the  heat  were  more  continuous, 
involving  greater  thicknesses  of  the  sedimentary  beds,  the  siliceous 
muteri.'d  was  moic;  tlioioiiglily  fnscjd  and  disseminated  among  the 
otlier  elements.     The  more  limited  8upi)ly  of  air  and  water  at 
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these  greater  depths  seems  to  have  produced,  at  least  is  coinci- 
dent with,  a  greater  abundance  of  felspathic  material,  instead 
of  calcite  and  the  hydrous  zeolites,  throughout  the  sedimentary 
layers.  Thus  the  whole  is  sometimes  changed  to  a  non-differ- 
entiated ferruginous  felsite.  When  the  process  was  carried  a 
little  farther,  crystals  of  red  orthoclase  appear  in  the  mass,  or  of 
orthoclase  in  the  form  of  translucent  adulana,  as  in  the  rock  of 
the  "  great  palisades."  When  the  metamorphism  is  carried  still 
farther,  involving  in  its  slower  progress  large  thicknesses  of  the 
red  sedimentary  shales  and  sandstones,  they  become  almost 
wholly  crystalline,  as  seen  in  the  red  bluff  that  incloses  Beaver 
bay  on  the  west,  and  in  the  red  granite  bluff  a  few  miles  east  of 
Beaver  bay.  The  relationships  of  these  changes  with  one  an- 
other, and  to  the  igneous  rock,  are  evident  at  numerous  places 
along  the  shore  between  Duluth  and  Grand  Portage,  and  on  Isle 
Royale  ;  and  their  significance  and  application  to  the  stratigraphic 
geology  of  the  northeastern  part  of  the  state  are  very  important. 
On  passing  inland  from  the  lake  shore  back  of  Grand  Marais,  and 
up  the  Devil's  Track  and  Brule  rivers,  the  red  semi-metamorphic 
slates  of  the  shore  can  be  followed  over  a  wide  extent  of  territory, 
gradually  becoming  more  changed  and  crystalline,  in  receding 
from  the  lake  shore.  They  pass  into  red  granite  and  gneiss  (horn- 
blendic)  which  rises  in  conspicuous  hills,  and  shows  perpendicular 
exposures  along  the  lakes  and  streams,  sometimes  several  hun- 
dred feet  high,  as  at  Brule  mountain,  and  at  Misquah  lake  (T. 
64.1  W.,  Sec.  32).  In  some  places  this  highly  crystalline  con- 
dition of  this  red  formation  is  seen  to  give  place  suddenly  to 
areas  of  igneous  rock  of  a  dark  color,  and  showing  a  very  dif- 
ferent mineral  composition,  and  then  to  return  again.  This  takes 
place  sometimes  on  the  high  hills,  the  two  kinds  of  rock  alter- 
nating superficially  in  irregular  patches,  as  at  Duluth,  and  at 
Duck  lake  and  Frog  Rock  river  on  the  portage  trail  from  Little 
Saganaga  lake  to  the  head  waters  of  the  Temi)erance  river,  in  the 
northeastern  corner  of  the  state.  Sometimes  the  tilted  red  sedi- 
mentary beds  seem  to  be  overlain  by  the  igneous  rock  and  some- 
times underlain  by  it,  the  red  rock,  when  consisting  of  sandstone 
at  first,  having  been  hardened  into  a  quartzite.  Several  tilted  red 
quartzite  hills,  very  similar  to  the  quartzite  hills  at  New  Ulm, 
and  in  Cottonwood  and  Rock  counties,  occur  in  this  connection  at 
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Duck  and  Wind  lakes,  their  relation  to  the  igneous  rocks  being 
most  perfectly  exemplified.  Sometimes  this  red  quartzite  be- 
comes micaceous  and  also  felsitic,  as  may  be  seen  at  Wind  lake. 
The  great  extent  and  the  more  intense  metamorphism  of  this  red 
formation,  in  the  country  lying  to  the  north  and  west  of  Lake 
Superior,  accompanied  by  larger  belts  of  the  igneous  rock,  more 
coarsely  crystalline,  not  only  show  that  the  seat  and  source  of 
the  igneous  action  was  there  instead  of  in  tlie  basin  of  the  lake, 
but  also  that  it  was  longer  continued.  It  implies  also,  that  a 
similar  modification  of  these  beds  may  be  looked  for  throughout 
the  northwest,  wherever  the  formation  is  known  to  have  been  up- 
heaved by  igneous  forces,  although  the  igneous  rock  itself  may 
be  wanting. 

Northwest  of  Lake  Superior  the  igneous  rock  forms  the  main 
watersheds,  rising  in  two  main  ridges,  or  ranges  of  mountains,  that 
run  southwestwardly,  one  known  as  the  Mesahi,  and  one  as  the 
Sawteeth  mountains^  though  the  former  term  is  not  restricted  to 
this  belt  of  high  land.  The  width  of  the  belt  of  metamorphic 
red  shales  and  sandrock,  associated  with  the  igneous  rock,  is 
about  thirty  miles  in  a  right  line,  extending  from  the  headwaters 
of  the  Brule  and  Temperance  rivers  to  the  shore  of  Lake  Supe- 
rior. The  Sawteeth  range  of  mountains,  which  is  that  nearer  the 
Lake  Superior  shore,  dies  away  in  passing  to  the  southwest,  and 
the  Mesabi  belt  of  igneous  outflow  approaches  the  lake  shore, 
appearing  at  Duluth  in  the  form  of  the  ^'Hice  Point  Granite.'* 
The  tilted  red  shales,  conglomerates  and  sandstones  at  Fond  du 
Lac,  a  few  miles  west  of  Duluth,  are  the  same  as  those  seen  as- 
sociated with  the  igneous  rock  all  along  the  shore.  Tliey  lie 
there  on  a  white-quartz,  pebbly  conglomerate,  of  a  few  feet  in 
thickness,  which  lies  unconformably  on  the  roofing  slates  of  the 
Iluronian,  the  same  formation  that  succeeds  to  the  red  rock  for- 
mation toward  tlie  northwest,  at  Ogishke  Muncie  and  Knife  lakes, 
northwest  of  Grand  Marais. 

The  mineralogical  cliaracters  of  these  belts  of  igneous  rock, 
which  form  some  of  the  main  features  of  tlie  topograpliy,  seem  to 
ally  tlietn  to  the  Norian  rocks  of  T.  S.  Hunt,  and  to  the  labra- 
dorite  rocks  of  Canada.  At  l(;ast,  if  they  be  not  the  western  ex- 
tension of  those  formations,  tlien  those  formations  have  not  yet 
been  discovered  in  Minnesota.     But  several  Uavcrses  have  been 
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made  of  the  countiy  northwest  of  Lake  Superior,  for  the  purpose 
of  geological  examinations  without  finding  anything  that  is  at  all 
comparable  to  those  formations,  if  it  be  not  the  rock  of  these 
hill  ranges.  The  rock  consists  generally  of  some  felspar,  which 
at  Duluth  has  been  found  to  be  labradorite  in  large  per  cent., 
and  at  some  places  constituting  over  ninety  per  cent,  of  the  mass, 
with  varying  proportions  of  augite  and  magnetite,  or  magnetic 
menaccanite,  with  various  accessory  ingredients,  or  minerals  that 
result  from  change.  It  is  massive,  firm,  dark-colored,  and  rises 
in  low  mountain  ranges,  as  already  stated.  If  its  relation  to  the 
red  granites  and  gneisses  with  which  it  is  accompanied  were  not 
so  evident,  by  simply  noting  the  changes  from  the  lake  shore 
north westwardl3',  it  would  hardly  be  presumed  to  be  a  parallel  of 
the  igneous  rocks  of  the  coast,  any  more  than  the  red  gneisses 
and  quartzites  would  be  of  the  shales  and  sandstones  that  are  in- 
terbeddcd  with  them  at  the  coast.  So  far  as  yet  examined,  these 
labradorite  rocks  contain  no  bands  of  limestone,  which  is  due 
probably  to  the  fact  that  the  Cupriferous  Series  in  the  northwest  is 
not  known  to  contain  any  beds  of  limestone.  In  the  absence  of 
this  element,  and  in  this  onl}^,  so  far  as  can  be  judged  b}^  the 
writer,  these  labradorite  rocks  seem  to  differ  from  the  labradorite 
rocks  of  the  "  Upper  Laurentian  "  of  Canada. 

Inferentially,  therefore,  the  so-called  "Upper  Laurentian,"  con- 
taining Eozoon  Canadense,  seems  to  parallelize  with  the  igneous 
rocks  of  the  Cupriferous  Series,  or  rather  with  the  modified  inter- 
bedded  sedimentary  portions  of  it,  and  hence  the  Eozoon,  instead 
of  being  truly  a  Laurentian  organism,  seems  to  be  one  of  the 
Cambrian  or  Lower  Silurian.  The  abundant  graphite  of  the 
"Laurentian"  which  pointed  the  way  to  the  prediction  of  or- 
ganisms in  that  formation,  is  also  found  in  the  modified  quartz- 
ites and  shales  of  the  Cupriferous  Series  in  perhaps  equal  abun- 
dance in  the  state  of  Minnesota. 
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An    ATTEMPT    TO    ESTIMATE    APPROXIMATELY    THE    DaTE    OF  THE 
CLOSE   OF  THE  GlACIAL  EpOCH,  FROM  AN  INSPECTION  OF  THE 

Kames  AND  Kettle-holes  OF  New  England.  By  G.  Fred- 
erick Wright,  of  Andover,  Mass. 

[abstract.!] 

After  referring  to  the  evidence  connecting  these  phenomena 
with  the  closing  period  of  the  glacial  epoch,  he  presented,  as 
illustrative  of  innumerable  other  cases,  the  facts  concernhig  a 
kettle-hole  near  Pomp's  pond  in  Andover.  The  distance  from 
rim  to  rim  of  the  hole  described  is  380  feet.  The  rim  is  composed 
of  gravel.  The  height  of  the  rim  above  the  surrounding  plain  is 
from  forty  to  fifty-two  feet.  The  height  above  the  peat  bog  in  the 
centre  of  the  depression  is  fifty  feet.  The  distance  across  this  bog 
is  ninet3^-six  feet.  The  nature  of  the  material  composing  the  rim 
is  such,  that  the  depth  of  the  depression  could  never  have  beeil 
more  than  twent3^-four  feet  greater  than  now.  Twenty-four  feet 
of  sediment  in  the  bottom  of  a  conical  depression  would  only 
equal  eight  feet  upon  the  present  surface.  The  question  is  how 
long  a  time  would  be  required  for  the  wash  of  the  rains,  the  dirt 
brought  by  the  winds  and  the  solid  material  collected  by  vegeta- 
tion, to  fill  this  depression  to  the  amount  indicated.  No  definite 
answer  can  be  given,  but  if  one  hold,  with  Mr.  Croll,  that  the 
great  glacial  period  closed  80,000  years  ago,  he  must  believe  that 
only  an  inch  of  sediment  would  accumulate  upon  the  area  of  this 
peat  bog  in  1,000  years.  Whereas,  if  he  bring  the  close  of  this 
period  down  to  10,000  years  ago,  the  rate  of  accumulation  would 
seem  sufliciently  slow  to  tax  severely  even  a  credulous  imagination. 

'Tlie  papfM-  'With  a  plate  is  publiBhed  in  full,  in  the  American  Journal  of  Science 
for  February,  18«1. 
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The  Iron  Ores  of  the  Brandon  Period^    By  Henry  Carvill 
Lewis,  of  Germaiitown,  Pa. 

[abstract.! 

The  theory  that  a  great  portion  of  the  iron  ores  of  our  lower 
Silurian  limestone  valleys  are  of  a  tertiary  age  was  first  proposed 
by  Prof.  E.  Hitchcock,  but  has  been  rejected  by  many  geologists. 
The  present  paper  describes  in  full  recent  discoveries,  made  by 
the  writer,  of  lignite  associated  with  limonite  iron  ores  in  the 
limestone  valley  of  Montgomery  county,  Pa.,  and  shows  their 
relation  to  the  deposit  at  Brandon,  Vt.,  and  their  bearing  upon  a 
theory  of  the  age  of  iron  ores  in  similar  positions  in  the  Atlantic 
States.  The  lignite  of  Brandon,  lying  within  beds  of  plastic  clay, 
kaolin  and  iron  ore,  was  shown  by  Lesquereux  to  be  of  tertiary 
age.  Lesley  afterwards  described  strata  of  lignite  in  a  similar 
position  £»t  Chambersburg,  Pa.,  but  regarded  them  as  local 
deposits  of  late  date.  More  recently  Prime  has  found  lignite  in  a 
plastic  cla}^  at  Ironton,  Pa.,  and  supposed  it  to  have  been  trans- 
ported by  a  glacier.  The  present  paper  shows  that  in  each  of 
these  cases  the  lignite  lies  below  the  surface  drift,  and  that,  as 
at  Brandon,  the  latter  lies  unconformably  upon  the  plastic  clays 
containing  the  lignite. 

The  occurrence  of  lignite,  in  connection  with  limonite  iron  ore, 
plastic  clay,  kaolin  and  firesand  in  a  number  of  places  in  Mont- 
gomery county.  Pa.,  is  described,  and  it  is  shown  that  these 
localities  lie  in  a  line  corresponding  to  the  line  of  strike  of  all  the 
iron  ores  of  the  valley.  Overlying  the  plastic  clay  which  contains 
the  lignite  is  what  appears  to  be  a  decomposed  lower  Silurian 
hydromica  slate,  and  for  this  reason  the  iron  ores  had  been 
supposed  to  be  of  primal  age.  It  is  shown  that  this  decomposed 
material  and  the  underlying  iron  ores  have  been  originally  derived 
from  lower  Silurian  slates,  and  have  been  re-stratified  in  an  age 
intermediate  between  Triassic  and  Upper  Tertiary. 

The  iron  ores  of  this  region  are  divided  into  four  classes : 
(1)  Gneissic  Ore  ;  (2)  Primal  Ore;  (3)  Tertiary  (Brandon)  Ore; 
(4)  Drift  Ore.    The  last  two  classes  of  ore  are  often  found  at  the 

1  The  Iron  ores  and  Lignite  of  the  Moutgomery  Co.  Valley,  by  the  writer.  Proc. 
Acad.  Nat.  Sciences,  Phila...  ISSO. 
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same  localit}- ;  the  latter  lying  unconformably  upon  the  former. 
The  paper  discusses  at  length  the  age  of  the  drift  containing  the 
latter.  Notwithstanding  the  fact  that  a  region  of  triassic  red 
shale  lies  north  and  east  of  the  valle}^  not  a  single  fragment  of 
such  rock  occurs  in  this  drift.  The  pebbles  are  composed  almost 
wholly  of  Potsdam  sandstone,  —  a  material  now  in  great  part 
eroded  away  in  this  vicinit3\  The  evidence  is  strong  that  this 
drift  was  not  caused  b}^  any  flood  from  the  north.  That  it  is  older 
than  the  Glacial  Epoch  is  also  indicated  both  by  the  great  amount 
of  erosion  it  has  suffered,  and  by  the  fact  that  in  the  adjoining 
triassic  region  no  trace  of  drift  occurs.  It  was  perhaps  formed 
at  a  time  when  hills  of  Potsdam  sandstone,  since  eroded,  stood  as 
a  barrier  between  the  limestone  valley  and  the  triassic  rocks  to 
the  north.  It  is  of  interest  to  find  that  a  large  proportion  of  the 
pebbles  of  the  sub-cretaceous  cla3's  of  New  Jersey  are  also  formed 
of  Potsdam.  The  four  different  gravels  of  the  Delaware  valley 
are  described,  and  it  is  shown  that  the  drift  ore  of  the  Mont- 
gomer}^  county  valley  belongs  to  the  oldest  of  these,  and  is  proba- 
bly of  tertiary  age. 

It  follows  that  the  strata  containing  iron  ore  and  lignite,  which 
underlie  this  drift  unconformably,  are  yet  older.  Some  facts  point 
to  a  Wealden  age,  but  the  identity  of  the  deposits  with  that  at 
Brandon,  in  whicli  Tertiary  plants  are  found,  indicates  a  middle 
Tertiary,  perhaps  Oligocene  age.  Since  an  exact  geological  age 
cannot  at  present  be  assigned  to  these  deposits,  it  is  thought  best 
to  group  them  together  under  the  name  of  the  Brandon  Period. 

Attention  is  directed  to  another  deposit  of  lignite  and  iron 
ore  near  Augusta,  Ga.,  whose  geological  situation  and  the  section 
given  are  so  remarkably  similar  to  those  of  Brandon,  Chambers- 
burg,  Ironton  and  the  Montgomery  county  valley,  that  it  appears 
to  belong  to  the  same  formation,  and  to  indicate  that  in  this  Bran- 
don I'eriod  there  was  an  inland  fresh-water  formation  in  eastern 
America  of  large  extent  and  importance. 
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On  the  age  OF  the  Copper-bearing  Rocks  of  Lake  Superior. 
By  M.  E.  Wadsworth,  of  Cambridge,  Mass. 

[ABSTRACT.] 

Two  principal  views  regarding  the  relative  age  of  the  copper- 
bearing  traps  of  Keweenaw  Point  and  the  eastern  sandstone 
have  been  and  are  now  held.  The  first  regards  the  traps  and 
sandstone  as  of  the  same  age  ;  the  second  places  the  traps  as 
the  earlier  formation  (pre-Paleozoie),  and  the  eastern  sandstone 
as  the  later  one  (Paleozoic).  The  traps  are  said  to  have  formed 
a  sea  wall  along  the  eastern  side  of  the  Point,  while  the  sand- 
stone was  deposited  against  the  base  of  the  cliff.  The  sand- 
stone is  said  to  be  horizontal,  or  at  most  to  have  only  a  slight 
inclination  at  the  base  of  the  cliffs,  at  which  point  it  contained 
pebbles  of  the  trap  derived  from  them.  This  evidence  was  princi- 
pally obtained  at  the  Douglass  Houghton  Falls,  and  on  the  face  of 
the  published  accounts  appears  conclusive.  It  has  given  rise  to 
the  supposition  that  the  traps  formed  a  distinct  geological  series 
belonging  to  Azoic  or  Archean  time,  which  series  has  been  recog- 
nized by  lithological  characters  far  and  wide.  As  this  Keweena- 
wan  series  was  first  established  on  Keweenaw  point,  it  must  stand 
or  fall  by  observations  made  there,  and  not,  as  some  would  make 
it,  b}'  observations  in  Wisconsin,  the  northern  shore  of  Lake  Supe- 
rior, or  in  Newfoundland. 

By  personal  observations  at  the  Douglass  Houghton  Falls,  I 
have  found  that  the  eastern  sandstone  instead  of  being  horizontal 
as  stated,  dips  north  45°  west,  25°,  while  passing  down  the  river 
the  dip  gradually  diminishes  in  angle  until  it  is  only  5°  at  the 
mouth  of  the  ravine  below  the  falls.  Instead  of  the  cliffs  at  the 
falls  representing  the  termination  of  the  copper-bearing  traps  as 
stated,  I  found  several  basaltic  overflows  below  the  falls  interstrat- 
ified  with  the  conglomerate  and  sandstone.  The  relation  of  the 
copper-bearing  traps  below  the  falls  to  the  interbedded  sandstones 
and  conglomerates,  is  the  same  as  it  is  in  the  rocks  above  the  falls. 
The  last  basaltic  flow  here  is  a  thin  sheet  some  two  feet  in  thick- 
ness, which  is  interbedded  between  sandstones,  having  the  same 
dip  as  the  basalt.  The  finding  of  the  copper-bearing  rocks  below 
the  Douglass  Houghton  Falls,  explains  the  presence  of  pebbles  of 
melaphyr  in  the  conglomerate  at  the  falls,  and  shows  that  the 
observations  referred  to  were  made  within  the  region  of  the 
copper-bearing  traps,  the  observers  not  having  found  the  junction  of 
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the  traps  with  the  sandstone  at  all.  Somethhig  more  is  necessary 
in  such  observations  than  simply  to  find  a  sandstone  on  the 
eastern  side  of  the  copper-bearing  rocks  ;  it  is  necessary  to  know 
that  this  is  part  of  the  eastern  sandstone  and  not  a  bed  inter- 
calated w^ith  the  trap.  Now  as  I  find  that  the  eastern  sandstone 
underlies  the  trap  conformably,  that  is,  as  conformably  as  a  bed  can 
underlie  a  lava  which  has  flowed  over  it,  it  must  be  older  in  order 
of  time,  but  of  the  same  geological  age  with  the  copper-bearing 
rocks.  As  my  observations  show  the  incompleteness  of  those  on 
which  the  "  Keweenawan  series  "  was  founded,  it  seems  right  to 
hold,  until  my  observations  shall  bo  disproved,  that  the  "Keweena- 
wan series  "  has  no  foundation,  but  that  the  copper-bearing  rocks 
are  of  the  same  age  as  the  eastern  sandstone.  This  series  has 
been  advocated  upon  lithological  evidence,  and  said  to  be  recog- 
nized in  other  localities  from  this  evidence,  but  the  above  observa- 
tions furnish  another  proof  of  the  absurdity  of  founding  and  identi- 
fying geological  systems  simply  by  lithological  characteristics. 

In  ascending  the  Hungarian  river,  I  found  the  same  relations  of 
the  trap  to  the  sandstone.  The  last  bed  of  the  eastern  sandstone, 
dipping  north  45*  west,  20°,  is  overflowed  by  the  first  bed  of 
trap  which  has  baked  the  former ;  the  same  as  these  basaltic  flows 
indurate  the  sandstone  within  the  copper-bearing  rocks.  This 
thin  flow  is  overlaid  by  a  conglomerate  and  sandstone,  at  the  base 
of  which  we  find  pebbles  of  the  underl3dng  trap.  Furthermore, 
similar  alternations  of  trap,  sandstone,  and  conglomerate  extend 
until  the  western  sandstone  is  reached. 

It  seems  then  that  the  writer  has  advanced  suflficient  evidence 
to  prove  that  in  the  parts  visited,  the  eastern  sandstone  con- 
formably underlies  the  copper-bearing  rocks  and  that  both  are  of 
the  same  geological  age, 

Tlio  fjuestiou  of  the  relative  ages  of  these  rocks  was  the  one 
Willi  wliicli  my  time  was  occupied,  but  so  far  as  the  absolute 
geological  age  of  the  sandstone,  and  therefore  of  the  trap,  is  con- 
cerned, it  would  seem  that  the  evidence  l)rought  forward  by  Dr. 
Koniinger,  until  disproved,  shows  that  Messrs.  Foster  and 
Whitnc}^  were  corre(;t  in  regarding  it  as  of  Potsdam  age. 

For  a  fuller  treatment  of  this  subject  the  reader  is  referred  to 
anotlicj-  publication.^ 

*  »  Note*  on  the  Geology  of  the  Iron  and  Copper  DiHtricts  of  Lnke  Superior.  Bulletin 
of  the  MuHcMun  of  CorupuraUve  Zoology,  18a0,  Vol.  VH  (Geol.  Scries,  Vol.  I;,  No.  1, 157 
pp.,  C  plates. 
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Turquoise  of  New  Mexico.    By  B.  Silliman,  of  New  Haven, 
Conn. 

The  existence  of  this  comparatively  rare  gem  in  New  Mexico  is 
a  fact  long  known — the  chief  locality  being  at  Mt.  Chalchuitl  in 
Los  Cerillos,  about  twenty-two  miles  southwcvst  of  the  ancient 
town  of  Santa  Fe,  the  capital  of  that  territory.  We  are  indebted 
to  Prof.  Wm.  P.  Blake  for  our  first  detailed  notice  of  this  ancient 
mine  in  an  article  published  in  18.57,  in  the  American  Journal 
of  Science.! 

It  was  subsequently  visited  by  Dr.  Newberry  and  mentioned  in 
one  of  his  reports,  and  by  others.  I  have  lately  had  an  oppor- 
tunity of  examining  this  very  interesting  locality,  since  it  has 
been  laid  open  in  the  old  workings,  by  the  recent  explorations  of 
Mr.  D.  C.  Hyde,  and  thus  rendered  accessible  to  observation. 

The  Cerillos  Mountains  have  recently  come  into  notice  from 
the  partial  and  as  yet,  superficial  exploration,  of  very  numerous 
mineral  veins  which  are  found  to  intersect  them  and  which  carry 
chiefl}^  ai  geiitiferous  galena,  with  some  gray  copper,  rich  in  silver, 
giving  promise  of  mines  of  value  when  opened  in  depth.  I  have 
elsewhere  spoken  more  particularly  of  these  veins  and  of  the  rocks 
that  contain  them.  These  rocks  are  all  eruptive  or  plutonic  rocks 
of  the  family  of  the  Augite  Trachytes^  the  microscopic  study  of 
which  reveals  the  interesting  fact  that  they  are  of  the  same  family 
which,  the  world  over,  carry  the  richest  and  most  permanent  ores 
of  silver,  with  some  gold,  and  which  there  is  good  reason  to 
believe  are  here  penetrated  by  true  fissures  which  may  be  followed 
to  any  depth,  without  exhaustion.  In  the  centre  of  this  district, 
which  is  not  more  than  about  six  miles  by  four  in  extent,  rises  the 
dome  of  Mount  Chalchuitl,  the  summit  of  which  is  about  7,000 
feet  above  tide,  and  is  therefore  almost  exactly  on  a  level  with 
the  Piazza  of  Santa  Fe,  across  th3  valley  of  the  river  of  that 
name,  to  the  northeast.  In  the  other  direction  this  mountain  has 
its  drainage  into  the  valley  of  the  Galisteo,  which  forms  the 
southern  boundary  of  the  Cerillos  district.  The  geological  age  of 
the  eruption  of  these  volcanic  rocks  is  probably  Tertiary.  The 
rocks  which  form  Mt.  Chalchuitl — the  Indian  name  of  the  tur- 
quoise— are  at  once  distinguished  from  those  of  the  surrounding 
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and  associated  ranges  of  the  Cerillos  by  their  white  color  and 
decomposed  appearance,  closely  resembling  tuff  and  kaolin,  and 
giving  evidence,  to  the  observer  familiar  with  such  phenomena,  of 
an  extensive  and  profound  alteration,  due,  probably,  to  the  escape 
through  them,  at  this  point,  of  heated  vapor  of  water  and  perhaps 
of  other  vapors  or  gases,  by  the  action  of  which  the  original 
crystalline  structure  of  the  mass  has  been  completely  decomposed 
or  metamorphosed,  with  the  production  of  new  chemical  compounds. 
Among  these  the  turquoise  is  the  most  conspicuous  and  important. 
In  the  seams  and  cavities  of  this  yellowish-white  and  Kaolin-like 
tuffaceous  rock  the  turquoise  is  found  in  thin  veinlets  and  little 
balls  or  concretions  called  "nuggets,"  covered  on  the  exterior 
with  a  crust  of  the  nearly  white  tuff,  and  showing  on  cross  frac- 
ture the  less  valued  varieties  of  this  gem,  more  rarely  offering 
fine  skj'-blue  stones  of  higher  value  for  ornamental  purposes.  It 
is  easy  to  see  these  blue-green  stains  in  every  direction  among 
these  decomposed  rocks,  but  the  turquoise  in  masses  of  any 
commercial  value  is  extremely  rare,  and  many  tons  of  the  rock 
may  be  broken  without  finding  a  single  stone  which  a  jeweller,  or 
virtuoso,  would  value  as  a  gem. 

The  observer  is  deeply  impressed  on  inspecting  this  locality 
with  the  enormous  amount  of  labor  which  in  ancient  times  has 
been  expended  here.  The  waste  or  debris  excavated  in  the  former 
workings  covers  an  area  which  the  local  surveyor  assured  me,  by  his 
measurement,  extends  over  at  least  twenty  acres  of  ground,  and 
which  it  is  easy  to  see  has  a  very  large  bulk.  On  the  slopes  and 
sides  of  these  piles  of  rubbish  are  growing  large  cedars  and  pines, 
the  age  of  which — ^judging  from  their  size  and  slow  growth  in  this 
very  dry  region — must  be  counted  by  centuries.  It  is  well  known 
that  in  1G80  a  large  section  of  the  mountain  suddenly  fell  in 
from  the  undermining  of  the  mass  by  the  Indian  miners,  killing  a 
considerable  number,  and  that  this  accident  was  the  immediate 
cause  of  the  uprising  of  the  Tuciblos  and  the  expulsion  of  the 
Spaniaids,  which  hai)i)(;ned  in  that  year  just  two  centuries  since. 

The  accompanying  vertical  section  of  the  mountain  from  cast 
lowest  will  give  a  goorl  idea  of  the  old  workings  and  of  the  KhaHs 
and  tnnnctls  piojected  and  partly  can  ied  out,  l)y  Mr.' Hyde.  The 
irre;^ular  o[)(;nings,  named  l)y  Mr.  If.,  "wonder  caves"  and  the 

mystery,"  aie  the  work  ol'  the  old  min(;rs,  and  the  whole  hillside 
from  the  fhig-stair  to  the  "  mystery  "  was  worked  out  by  them  also. 
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It  was  this  sharp  slope  of  the  mountain  which  fell.  In  these 
chambers,  vv^hich  have  some  extent  of  ramification,  were  found 
abundantly  the  fragments  of  their  ancient  pottery,  with  some  entire 
vessels,  some  of  curious  workmanship,  ornamented  in  the  style  of 


color  so  familiar  in  the  Mexican  pottery,  and  associated  with 
these,  numerous  stone  hammers,  some  to  be  held  in  the  hand  and 
others  swung  as  sledges,  fashioned  with  wedge-shaped  edges  and 
a  groove  for  the  handle.    In  one  case,  a  hammer  weighing  over 
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twenty  pounds  was  found,  while  I  was  at  the  Cerillos,  to  which 
the  wyth  was  still  attached,  with  its  oak  handle  —  the  same  scrub 
oak  which  is  found  growing  abundantly  on  the  hillsides  now,  and 
quite  well  preserved,  after  at  least  two  centuries  of  entombment 
in  this  perfectly  dry  rock. 

The  stone  used  for  these  hammers  is  the  same  hard  hornblende 
Andesite  or  Propj'lite,  which  forms  the  Cerrod'Oro  and  other  Cer- 
rillos  hills,  very  hard  and  tough.  With  these  rude  tools  and  with- 
out iron  and  steel,  using  fire  in  place  of  explosives,  these  patient 
old  workers  managed  to  break  down  and  remove  the  incredible 
masses  of  these  tuffaceous  rocks  which  form  the  mounds  already 
described. 

That  considerable  quantities  of  the  turquoise  were  obtained  can 
hardly  be  questioned.  We  know  that  the  ancient  Mexicans  at- 
tached great  value  to  this  ornamental  stone  as  the  Indians  do  to 
this  day.  The  familiar  tale  of  the  gift  of  large  and  costly  turquoise 
b}^  Montezuma  to  Cortez  for  the  Spanish  crown,  as  narrated  by 
Clavigero  in  his  history  of  Mexico,  shows  the  high  value  attached 
to  this  gem.  It  is  not  known  that  any  other  locality  in  America 
has  furnished  turquoise  in  any  quantity — the  only  other  place  out- 
side of  Los  Cerillos,  where  it  is  found  at  all,  being  that  near 
Columbus  District  in  Nevada,  discovered  by  Mr.  J.  E.  Clayton, 
and  this  has  not  been  worked  as  yet. 

The  origin  of  the  turquoise  of  Los  Cerillos  in  view  of  late 
observations  is  not  doubtful.  Chemically  it  is  a  hydrous  alumi 
num  phosphate.  Its  blue  color  is  due  to  a  variable  quantity  of 
copper  oxide  derived  from  associated  rocks.  I  find  the  Cerillos 
turquoise  contains  3.81  per  cent,  of  this  metal.  Neglecting  this 
constituent  the  formula  for  turquoise  requires :  Phosphoric  acid, 
32.0  ;  alumina,  47.0  ;  water,  20.5.    Total,  100.1. 

Evidently  the  decomposition  of  the  felspar  of  the  trachyte  lias 
furnish('(l  the  alumina,  while  the  apatite,  or  phosphate  of  lime, 
which  the  micioscope  detects  in  the  thin  sections  of  the  Cerillos 
rocks,  has  furnished  the  piiosphoric  acid.  A  little  copper  is 
diffused  as  a  constituent  also  of  the  veins  of  this  region,  and 
hence  tin;  color  \\\\\v.h  that  ni(!tal  imparts. 

The  inspection  of  thin  scictions  of  the  tur(juoise  by  the  micro- 
Hcopf!,  with  a  high  i)o\vei-,  sliows  tin;  seemingly  homogeneous 
mass,  of  this  compact  and  non-(;i\ystalline  mineral,  to  consist  of 
very  minute  scaUis,  nearly  colorless,  having  an  aggregate  polar- 
ization, a:id  showing  a  few  particles  of  iron  oxide. 
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The  rocks  in  which  the  turquoise  occurs  are  seen,  by  the  aid  of 
the  microscope  and  polarized  light,  in  thin  sections,  to  be  plainly 
only  the  ruins,  as  it  were,  of  crystalline  trachytes  showing  rem- 
nants of  felspar  crystals,  decomposed  in  part  into  a  white  kao- 
lin-like substance,  with  mica,  slag  and  glassy  grains,  and  quartz 
with  large  fluidal  enclosures,  looking  like  a  secondary  product. 
There  is  considerable  diversity  in  their  looks,  but  they  may  all  be 
classed  as  trach3'te-tuffs  and  are  doubtless  merely  the  result  of 
decomposition,  as  already  indicated,  of  the  crystalline  rocks  of 
the  district  along  the  line  of  volcanic  fissures.  In  fact  there  are 
in  the  northeast  direction  other  places,  one  of  them  at  Bonanza 
City,  a  distance  of  probably  two  to  three  miles,  where  the  same 
evidence  of  decomposition  is  found,  and  in  the  rocks  at  this  place 
I  find  also  the  turquoise  in  forms  not  to  be  distinguished  from  that 
of  the  old  mine.  Mr.  Hyde  has  shown  me  lately  in  New  York  a 
large  number  of  the  Cerillos  turquoise  polished,  one  of  huge  size  ; 
and  among  them  a  few  of  good  color  and  worthy  of  consideration  as 
gems,  some  of  them  an  inch  in  length  and  quite  thick,  but  they 
are  not  of  faultless  beauty. 


The  Island  of  Montreal  an  Island,  not  in  the  St.  Lawrence, 
BUT  in  the  Ottawa.   By  William  Boyd,  of  Cambridge,  Mass. 

The  waters  of  the  Ottawa,  at  the  foot  of  the  Lake  of  Two 
Mountains,  divide  on  the  Island  of  Montreal  into  two  branches 
of  nearly  equal  volume.  The  lesser  branch — making  for  the 
south  of  the  island,  and  also  for  several  miles  farther  south  along 
the  Vaudreuil  shore  to  Cascades  Point — subdivides  on  Isle  Perrot, 
an  insulation  of  seven  or  eight  miles  in  length  (from  west  to  east) 
and  from  two  to  three  miles  in  breadth,  lying  south,  and  part  of  it 
west,  of  the  head  of  the  Island  of  Montreal.  There  are  rapids  in 
each  of  the  sub-branches.  The  southern  branch  of  the  Ottawa 
encounters  the  St.  Lawrence  at  Cascades  Point ;  and  also  at  the 
foot  of  Isle  Perrot,  where  the  sub-branches  reunite.  From  Cas- 
cades Point  and  the  foot  of  Isle  Perrot  the  Ottawa  water  flows  in 
the  same  bed  as  that  of  the  St.  Lawrence,  — of  course  on  the 
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northern  side  of  the  St.  Lawrence  water, — filling  from  a  quarter  to 
a  third  of  that  bed  ;  which  fact  is  evident  from  the  difference  in 


color  of  tlie  water  of  the  two  rivers,  —  that  of  the  Ottawa  being 
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of  a  brownish,  that  of  the  St.  Lawrence  of  a  greenish,  hue.  The 
two  river-streams  run  side  by  side  unmixed  to  the  Ottawa's  lowest 
mouth,  at  the  foot  of  the  Island  of  Montreal,  where  this  southern 
stream  or  branch  of  the  Ottawa  joins  the  northern  branch  of  the 
same  river.  (Thence  these  river-streams  flow  onward,  side  by  side, 
as  before, — the  Ottawa's  stream  doubled  in  volume, —  to  Lake  St. 
Peter,  wheie  they  commingle  in  its  slack  water  and  the  tidal  head.) 

If  the  River  Ottawa  should  cease  to  exist  and  the  River  St. 
Lawrence  should  remain,  what  is  now  the  Island  of  Montreal  would 
probabl}'  —  from  the  high  level  above  St.  Anne  and  below  Vau- 
dreuil  of  the  bed  of  Jie  then  extinct  Lake  of  Two  Mountains,  and 
from  the  very  considerable  fall  which  would  on  the  disappearance 
of  the  Ottawa  take  place  in  the  St.  Lawrence  below  the  Cascades 
Rapids — be  an  island  no  longer;  but  if  the  St.  Lawrence  should 
cease  to  exist  and  the  Ottaw^a  should  remain,  what  is  now  the 
Island  of  Montreal  would  be  an  island  still. 

From  the  above  facts  the  writer  concludes  that  the  Island  of 
Montreal  is  an  island,  not,  as  has  heretofore  been  held,  in  the 
St.  Lawrence,  but  in  the  Ottawa. 


The  Law  of  Land-forming  on  our  Globe.  By  Richard  Owen, 
of  New  Harmony,  Ind. 

The  object  of  the  present  paper  will  be  to  state  the  law  by 
which  dry  land  shows  itself  above  the  ocean,  and  to  sustain  that 
statement  by  so  many  coincident  facts,  which  can  be  traced  on  any 
good  globe,  or  on  large  maps  of  separate  continents,  as  to  satisfy 
the  scientist  that  the  law  is  of  universal  application  to  geographical 
and  geological  phenomena,  with  few,  if  any,  exceptions  : 

General  Laic:  The  land  on  our  globe  shows  itself  above  the 
ocean  level,  in  definite  multiple  proportions,  by  measurement ;  the 
unit  is  the  angular  difference  between  the  axis  of  rotation  and 
the  axis  of  orbital  progression. ^ 

^For  convenience,  as  that  angle  has  been  lessening  for  centuries,  we  might  call  it  2^° 
We  then  have . 

The  geographical  and  geological  unit  =  24°  =  'i^i.^.^ 

Greatest  width  and  length  of  continents  =  3  X  2i°  =  72°=  soa" 
Radius  for  continents  r=  36°  =  ^^'^^ 

Half  radius  =  18°  =  i.y'^a» 

The  measure  for  oceanic  distances  is  the  complement  of  24°  =  (;6°.   The  ratio  of  land 

to  water,  as  shown  b}'  Prof.  Dana,  is  as  100  :  275.   The  ratio  of  24°  :  GG°  . :  100  :  275.  All 

measurements  are  to  be  estimated  at  tlie  equatoi'. 
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To  render  the  demonstration  of  the  above  general  law  more 
intelligible,  it  may  be  advantageous  to  consider  it  under  several 
separate  heads,  or  subdivisions,  following  up  each  of  these  heads 
or  sections,  b}^  its  demonstration. 

I.  First  subdivision  or  section  of  the  laiv :  Man}''  longitudinal 
elevations  and  depressions  on  the  earth's  surface  (Ihe  result  appar- 
ently of  cooling  and  contraction),  especially  near  the  greatest 
median  extension  of  each  continent,  nortli  and  south  coincide 
with  some  meridian.  Consequent!}^,  if  we  conceive  tlie  planes  of 
these  great  circles  produced  to  the  earth's  axis,  the  terminal  axis 
of  the  spherical  wedges  thus  formed  would  coincide  with  the  axis 
of  rotation.  Further,  this  shrinkage  has  caused  a  north  and 
south  continent  to  appear  in  each  of  four  equal  spherical  wedges 
of  our  earth,  estimating  the  90°  for  each  wedge  on  the  equator. 
Minor  north  and  south  extensions  can  be  traced  at  intervals,  often 
of  4i°  or  9°  apart,  all  around  the  globe,  alternating  usuall}^,  at 
least  on  the  continental  outlines,  with  trends  which  form  with  the 
meridians,  angles  of  about  23i°. 

Demonstration :  After  placing  the  artificial  globe  in  such  posi- 
tion that  the  terrestrial  poles  are  at  the  wooden  horizon,  and  the 
eastern  extremity  of  Brazil  at  the  brazen  meridian,  we  find  North 
and  South  America  occupying  one  quarter,  Europe  and  Africa  a 
second,  Asia  and  Australasia  the  third,  while  the  fourth  embraces 
North  and  South  Oceanica,  which  may  be  regarded,  either  as  a 
sunken  continent,  or  as  an  ocean  with  north  and  south  island 
groups. 

In  Europe  and  Africa  combined,  we  find  the  greatest  median 
elongation  in  about  long.  21°  to  22°  E.  of  Gr.  In  Asia,  the 
median  elongation  is  about  in  long.  99°  to  100°  E.  In  North 
America,  it  is  in  long.  9G°  W.,  in  South  America  in  long.  G9°  to 
70°  W.  In  N.  Oceanica,  the  elongation  is  from  Point  Barrow, 
through  the  Sandwich  Islands  to  Tahiti,  therefore  in  about  long. 
155°  AV.  ;  lastly  for  Australasia,  the  elongation  is  about  in  long. 
144°  to  145°  E. 

To  prove  tlie  minor  north  and  south  extensions,  on  coast  lines 
as  well  as  through  continents,  we  may  begin  anywhere  on  the 
equator,  and  trace,  north  and  south,  great  circles  at  intervals  of 
about  9°  apart.  We  find,  likewise,  evidences  of  alternate  eleva- 
tions an(l  depr(!SHionH  :  a  great  elevation  in  one  continent  seeming 
to  have  resulted  in  a  depr((ssion  on  the  op[)osite  side  of  the  globe. 

To  give  a  single  example,  follow  the  immense  heights  of  the 
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eastern  Himala3'as,  in  about  long.  90°  E.,  and  the  elevated  table- 
lands of  Central  Asia,  to  the  opposite  side  of  the  globe,  in  long. 
90°  AV.,  and  you  there  find  the  great  depressions  of  Hudson  Bay 
our  fresh-water  lakes,  the  Gulf  of  Mexico,  and  the  deep,  south- 
eastern Pacific. 

II.  Second  subdivision  of  the  law:  Although  the  median  lines 
of  continents  run  north  and  south,  the  outlines  of  continents  form 
with  the  meridian  lines,  angles  of  about  23^°- ;  the  terminal  edges 
of  their  planes,  projected  to  the  earth's  centre,  are  consequently 
parallel  to  the  axis  of  orbital  progression.  Reckoning  from  a 
trend  which  passes  through  the  Straits  of  Bali  and  of  Macassar  ; 
and  which  defines  the  eastern  trend  of  Asia,  including  Japan,  we 
find  successively  five  eastern  trends  of  great  continents,  exactly 
72°  apart,  or  one-fifth  of  360°.  These  trends  mark  belts  of  great 
seismic  force,  apparently  where  the  crust  has  less  thickness  than 
along  the  median  lines  of  continents,  where  volcanoes  and  earth- 
quakes are  more  rare ;  or  where,  as  Dana  expresses  it,  there  are 
lines  of  fracture  or  weakest  cohesion. 

Demonstration:  1.  Beginning  with  the  eastern  trend  of  North 
America,  we  find  it  passing  from  Yucatan,  nearly  parallel  to  the 
Gulf  Stream,  doubtless  becoming  the  chief  agent  in  gradually 
bringing  the  Appalachians  to  their  present  level,  with  all  their 
Basaltic  flows  and  their  contorting  power  over  the  coal  beds ; 
thence  past  the  palisades  of  New  York,  to  the  volcanic  and  geyser 
region  of  Iceland.  On  the  opposite  side  of  the  globe,  this  belt 
crosses  diagonally  the  Caspian  Sea,  near  the  Field  of  Fire  (Baku) 
and  by  the  upheaval  of  the  western  Ghauts  defined  the  west  coast 
of  Hindostan. 

2.  The  force  connected  with  the  eastern  trend  of  South  America 
probably  separated  the  Falkland  Islands  from  the  continent ;  also 
Madeira  proper  (Funchal)  from  Porto  Santo  ;  produced  the  numer- 
ous depressions  and  elevations  in  Great  Britain,  during  the  Tertiary 
but  especially  the  Glacial  Periods,  causing  apparently  the  separa- 
tion of  Ireland  and  the  vast  rents  along  the  almost  fathomless  and 
never-frozen  Loch  Ness,  as  well  as  other  north-northeast  fissures 
through  England  and  Scotland,  where  all  admit  a  change  of  level  of 
at  least  GOO  ft.  in  the  Glacial  Epoch,  while  others  claim  2000  ft.  At 
an  earlier  period  the  force  exerted  along  this  great  circle  may  have 

'This  law  I  pointed  out  in  "Key  to  the  Geology  of  the  Globe,"  a  work  which  I  pub- 
lished in  Nashville,  Tenn.,  In  1857.  The  generalization  was  accepted  by  scientists:  see 
Dana's  INIanual,  p.  38,  and  Dawson's  "Origin  of  the  World,"  p.  184,  also  Coues*  "Struc- 
ture of  the  F'  rth,"  p.  4. 
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aided  in  raising  the  Scandinavian  Mountains,  just  as  it  is  now 
elevating  considerable  portions  of  Norway  and  Sweden.  On  the 
opposite  side  of  the  globe,  this  belt  or  zone  will  be  seen  to  pass 
through  some  of  the  volcanoes  of  Japan,  of  Solomon's  Archipel- 
ago, and  other  oceanic  fire-vents.  Further,  this  seismic  continental 
trend  accounts  for  the  fearful  earthquakes  of  New  Zealand,  as  it 
skirts  the  northwest  coast  of  that  Island,  and  passes  through 
Cook's  Straits. 

3.  The  eastern  trend  of  Africa  seems  either  to  have  separated 
Madagascar  from  the  continent,  or  to  have  brought  up  that  island 
at  a  later  period  ;  but  with  the  exception  of  passing  through  the 
volcanic  region  of  the  Aleutian  Islands  and  Easter  Island,  its 
seismic  power  appears  to  have  been  less  than  that  of  the  other 
four  eastern  continental  outlines. 

4.  A  trend  72°  E.  of  the  one  just  followed  gives  us  the  volca- 
noes of  Java  and  Celebes,  passing  through  tht>  Straits  of  Bali  and 
of  Macassar  (where  Wallace  observed  a  continental  difference  in 
the  flora  and  fauna,  east  and  west  of  those  straits)  thence  along 
the  volcanic  belt  of  Japan  and  its  warm  Gulf  Stream,  then  through 
the  Kurile  Islands  and  Kamchatka,  also  Alaska  and  along  the  line 
of  depression  connecting  Bear  Lake,  Athabasca,  etc.,  with  the  Lake 
of  the  Woods.  Thence  it  passes  through  Lake  Superior,  South 
Carolina,  Ilayti  and  the  Bahamas,  and  reaches  the  great  earth- 
quake region  of  Venezuela  at  Caraccas ;  thus  accounting  for  the 
seismic  disturbance  in  South  Carolina  in  1812,  just  previous  to  the 
destruction  of  La  Guayra  and  Caraccas,  as  well  as  for  the  sub- 
marine table-land,  recently  discovered  by  the  Coast  Survey,  ex- 
tending from  South  Carolina  to  the  Bahamas. 

5.  Lastly,  we  may  trace,  in  the  Pacific,  the  trend  which,  passing 
between  Australia  and  New  Zealand,  intersects  the  terrestrial 
equator  at  or  a))out  the  same  nodes  where  it  is  crossed  by  the 
magnetic  equator  of  dip  defining,  in  this  part  of  its  course,  the 
western  coast  of  South  Africa. 

Time  would  not  permit  to  give  details  following  the  otlier  west- 
ern trends  ;  l)nt  any  one  with  a  good  globe  can  easily  find  them. 

IIL  Third  subdivl.non  of  the  law:  Besides  these  two  forces, 
which,  as  shown,  exert  tlieir  power  along  lines.parallel  respectively 
to  tlic  axis  of  rotation  and  1o  tiiat  of  progression,  each  northern 
coniiiient  liad  two  foci,  nearly  on  its  median  line  ;  tlie  more  north- 
erly focus,  centre,  or  dominant,  near  tin;  Arctic  circles  ;  the  other 
at  the  exact  geographical  centre  of  the  continent.  Concentric 
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circles,  around  these  foci,  not  only  mark  important  additions  to 
the  land  and  orography  of  each  continent,  but  especially  pass,  as 
they  enlarge,  through  areas  of  successive  geological  periods,  from 
the  older  to  the  newer.  Usually  a  radius,  from  the  more  northerly 
focus,  of  from  18°  to  23]-°  or  24°,  encloses  areas  chiefly  Archaean 
to  the  junction  with  Paleozoic,  wdiile  that  of  30°  marks  Mesozoic, 
and  36°,  areas  of  Cenozoic.^  From  the  more  southerly  focus, 
■which  is  also  the  geographical  centre,  a  radius  of  36°  will  usually 
enclose  the  continent  with  most  of  its  collateral  extensions,  while 
24°  will  define  the  continent  proper.  Between  those  two  circles 
will  be  found  almost  exclusively  Tertiar}^  areas  ;  outside  of  those 
in  three  continents  exist  the  remains  of  remarkable  Quaternary 
animals  ;  and  within  the  radius  of  24°  (at  least  until  tlie  southern 
arcs  meet  the  northern  curves)  we  have,  as  we  approach  the  more 
central  focus,  successively  Mesozoic  and  Paleozoic. 

In  the  southern  continents,  there  is  only  one  centre.  With  a 
radius  of  24°,  from  that  centre,  to  36°  which  completes  the  conti- 
nent, we  find,  as  before,  Cenozoic  ;  while,  within  the  smaller  circle, 
we  have  older  formations,  commonly  Mesozoic. 

Demonstration:  For  the  sake  of  convenience  the  approximate 
position  of  the  foci,  for  each  continent,  is  subjoined  ;  subject  to 
such  slight  modifications  as  future  investigations  may  require. 

1.  For  Europe^  the  northern  dominant  is  in  Scandinavia,  about 
long.  22°  E.  of  Gr.,  lat.  68°  N.  The  geographical  and  later 
centre  is  in  long.  20°  E.  and  lat.  49^°  N. 

2.  For  Asia,  the  northern  focus  is  in  Siberia  about  lono^.  93° 
E.  and  lat.  71°  N.  The  centre  is  in  the  same  long,  and  in  about 
51°  N.  lat. 

3.  For  North  America^  the  northern  dominant  is  in  Boothia 
Felix,  about  long.  96°  W.  and  lat.  70°-71°  N.  The  later  focus 
is  near  the  height  of  land,  west  of  Lake  Superior,  about  long. 
94°  W.,  lat.  47°  to  48°  N. 

4.  For  Africa^  the  single  centre  is  at  St.  Thomas's  Island,  where 
the  magnetic  equator  of  dip  crosses  the  terrestrial  equator. 

5.  For  South  America^  the  centre  is  on  the  Tropic  of  Capricorn, 
in  about  long.  65°  W. 

6.  For  Australasia^  the  centre  is  also  on  the  Tropic  of  Capri- 
corn, in  about  long.  148°  E. 

sSome  variation  seems  to  exist  between  those  continents  which,  like  North  and  South 
America,  have  their  main  extension  from  north  to  south,  and  the  continents,  which,  like 
Asia,  extend  rather  east  and  west. 
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Examining  critically  these  continents,  seriatim^  a  few  of  the 
most  strikinoj  illustrations  will  be  given  : 

1.  Europe :  Placing  one  foot  of  the  compasses,  or  one  end  of  a 
string,  at  the  Scandinavian  focus,  with  a  radius  of  12°,  the  area 
enclosed  will  be  nearly  all  Archaean'*  (Hypogene  of  Lyell)  ;  with 
radius  18°,  a  semicircle  from  Iceland  to  the  Urals,  passes  chiefly 
through  Paleozoic  regions,  often  marking  coal  fields,  and,  in  Rus- 
sia, a  great  Permian  area ;  a  radius  of  24°,  from  same  focus, 
reaches  the  Alps  at  Mount  Rosa,  and  marks  probably  the  begin- 
ning of  their  rise  in  Mesozoic  Times,  although  their  latest  height 
was  Cenozoic.  Crossing  the  head  of  the  Adriatic,  this  dynamic 
curve  seems  to  have  broken  the  way  for  the  Danube  at  the  "  Iron 
Gates,''  to  have  formed  the  mud  volcanoes  of  Perekop  in  the 
Crimea,  and  reached  the  south  end  of  the  Urals.  A  radius  of 
about  29°  to  30°  gives  a  belt,  chiefly  Cretaceous,  described  by  Dr. 
Dana  as  extending  1140  miles,  from  the  Pyrenees  to  the  Caucasus  ; 
while  radius  36°  gives  us  almost  exclusively  Tertiary  from  the 
Straits  of  Gibraltar  along  the  south  shore  of  the  Mediterranean, 
over  Mount  Hermon  to  the  volcano  of  Demavend,  on  the  south 
shore  of  the  Caspian. 

Moving  the  compasses  to  the  later  focus,  in  N.  Hungary,  with 
a  radius  of  24°  we  enclose  the  whole  of  Europe  to  the  Urals  and 
Caspian,  taking  in  also  some  of  N.  Africa  and  part  of  Iceland. 
A  radius  of  3G°  from  this  centre  extends  outside  of  Europe,  but 
embraces  some  important  islands  chiefly  of  Tertiary  formation,  and 
may  have  extended  exactly  to  the  line  which  probably  constituted 
the  north  of  Africa,  when  the  Sahara  was  under  water.  A  con- 
tracted radius  of  1 1°  to  1 2°  from  the  Hungarian  focus  passes  through 
the  Skager  Rack,  Gulf  of  Finland,  Crimea,  Bosphorus,  Gulf  of 
Corinth,  earthquake  regions  of  Calabria,  Stromboli's  fire,  Straits 
of  Bonifacio,  etc.,  to  the  Straits  of  Dover;  seeming  to  have  been 
seismic  rather  than  geological  in  character  and  efl'ects. 

2.  Asia:  With  the  compasses  in  the  northern  dominant,  and  a 
radius  of  24°,  we  range  from  our  former  initial  focus  in  Scandi- 
navia, tiiroiigh  Mi(hlle  Asia,  curving  with,  and  enclosing,  the  Altai 
and  Sl.anovoi  JMountains  ;  while  radius  36°  marks  the  Kuenlun 
range,  ami  sweeping  n>und  to  Jiehring's  Straits,  leaves,  between 
this  36°  radius  and  the  24°  radius,  the  whole  desert  of  Gobi. 
Transferring  the;  conipass(;s  to  the  geographical  centre  in  southern 

*T)\<:ho.  (IctailH  f,in  Jjo  wi-U  traro*!  on  Sir  K.  MiirrhiHon'H  Gool.  map  of  Europe,  COll- 
fltructcd  by  A.  K.  JoliUhtou,  F.  It.  S.  E.,  Geographer  to  the  Queen. 
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Siberia,  a  radius  of  2i°  follows  the  Urals  and  the  curve  of  the 
Himalayas,  and  also  skirts  the  mountains  east  of  the  Amoor  river. 
This  brings  us  probably  to  tliat  period  in  the  Mesozoic  when  the 
giant  Himalayas  were  preparing  for  the  grand  Cenozoic  rise, 
which  subsequently  gave  us  the  Miocene  of  the  Sivvalik  Hills,  on 
the  southern  flanks  of  the  western  Himalayas.  A  radius  of  36° 
encloses  the  whole  of  Asia,  except  the  peninsulas,  sweeping  from 
about  the  geographical  north  pole,  through  Spitzbergen,  also 
through  Scandinavia,  then  midway  of  the  Caspian  by  the  Cutch 
(with  its  grand  Ullah  Bund  upheaval,  fifty  miles  long,  after  the 
earthquake  of  1812),  paet  the  mouth  of  the  Irawaddy,  and  round  to 
Kamchatka ;  finally  to  Behring's  Straits,  marking,  in  its  circuit,  a 
zone,  mostly  Tertiary. 

3.  North  America:  The  northern  initial  focus  is  in  or  about 
Boothia  Felix.  From  that  point,  with  the  radius  of  12°,  we  mark 
various  early  geographical  breaks  or  depressions  ;  and  with  a 
radius  of  24°,  we  reach  the  southern  point  of  the  Archaean  V- 
shaped  area  near  Lake  Superior,  and  its  junction  with  the  Paleo- 
zoic, as  laid  down  by  Prof.  Dana  in  his  "Manual." 

Other  circles,  from  this  focus,  give  us  a  zone  of  coal  from 
Queen  Charlotte  and  Vancouver  Islands  (some  of  which,  Taylor, 
in  his  great  work  on  coal,  marks  as  of  Carboniferous  age,  although 
most  is  Tertiary  Lignite)  through  the  coal  fields  of  N.  Iowa  and 
Michigan  to  that  of  New  Brunswick.  A  somewhat  more  extended 
radius  of  about  29°  to  30°  connects  the  Mesozoic  of  Kansas  with 
the  New  Red  Sandstone  (Triassic)  of  Connecticut  and  Massachu- 
setts, leaving  a  valley  of  erosion  between. 

Removing  our  centre  to  the  west  shore  of  Lake  Superior,  a 
radius  of  11°  to  12°  gives  us  Silurian  (Lower  and  Upper)  from 
Niagara  to  near  Springfield,  Ohio,  Lexington,  Ky.,  Nashville, 
Tenn.,  dominating  the  geological  structure  in  at  least  the  eastern 
half  of  the  circle,  while  the  west  was  still  under  water.  A  radius 
of  12°  to  13°  marks  the  Appalachian  and  other  coal  fields,  that  of 
15°  is  Mesozoic,  curving  from  the  Cretaceous  of  Utah  and  Col- 
orado, through  the  intermediate  Greensand  (Lower  Cretaceous) 
of  Arkansas  and  Tennessee  to  that  of  New  Jersey.  A  radius  of 
24°  outlines  the  continent  proper  from  Cape  Breton  and  Cape 
Sable  to  the  Golden  Gates  ;  while  with  from  18°  to  24°,  we  pass 
through  the  marine  Tertiary  of  Nevada,  California,  northern  Mex- 
ico, Texas,  Louisiana,  Mississippi,  Alabama,  Florida,  Georgia, 
South  Carolina,  North  Carolina,  Maryland  and  New  Jersey  to 
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Martha's  Vineyard  and  Barnstable  (Mass.).  The  circle  of  36° 
embraces  Yucatan  and  Honduras ;  and,  reaching  nearly  to  Lake 
Nicaragua,  it  encloses  several  islands  near  our  Pacific  coast, 
besides  taking  in  part  of  Alaska  and  Greenland.  The  northwest 
peninsula  of  North  America  and  the  northeast  peninsula  of  Asia 
appear  to  belong  rather  to  northern  Occanica. 

4.  Afi'ica:  Regarding  this  continent,  suffice  it  to  remark  that  a 
radius  of  24°  extends  from  the  Tropic  of  Cancer  to  the  Tropic  of 
Capricorn,  passing  between  Lakes  Albert  and  Victoria,  Nyanza, 
over  Mt.  Mfumhiro  (10,000  ft.  high)  and  Mt.  Omatako  (8,800  ft. 
high).  A  radius  of  36°  not  only  defines  the  continent,  passing 
through  the  Straits  of  Gibraltar,  Mediterranean  and  Hed  Seas, 
Mozambique  Channel,  aiding  to  separate  Madagascar  from  Africa, 
or  to  elevate  it  at  a  later  period  ;  thence  round  the  Cape  of  Good 
Hope,  enclosing  the  islands  of  St.  Helena,  Ascension,  St.  Paul, 
Capes  Verde  and  Canary,  but  also  passes  between  Madeira  and 
Porto  Santo  (where  Lyell  found  a  continental  difference  in  the 
mollusks,  see  Principles,  II  Vol.,  p.  427)  and  reaches  the  place  of 
beginning.  Much  of  the  belt  passes  through  Cenozoic  regions 
and  excludes  the  Quaternary  of  Madagascar,  with  its  gigantic 
^pyornis,  just  as  a  similar  radius  in  Australasia,  excludes  the 
Quaternary  of  New  Zealand,  with  its  Dinornis,  etc. 

It  would  occupy  too  much  space  to  go  into  details  regarding 
South  America,  Australasia  and  Oceanica  ;  but  as  far  as  examined, 
the  law  applies  there  also. 

IV.  Fourth  subdivision  of  the  law :  Besides  these  three  modifying 
infiuences,  toward  the  close  of  the  Mcsozoic  and  beginning  of  the 
Cenozoic,  the  western  Alps  became  a  dynamic  focus,  reaching, 
according  to  Elie  de  Beaumont,  their  present  height  during  the 
Miocene  Period.  Mount  Rosa  is  nearly,  if  not  quite,  the  geo- 
grapliical  centre  of  the  entire  dry  land  on  the  globe  ;  and  the  Alps 
connect  with  the  Himalayas  and  Andes,  of  similar  geological 
age,  by  a  great  circle  or  belt  of  immense  seismic  activity,  viz., 
along  the  Carpatliians  and  flanks  of  the  Caucasus,  near  the  dis- 
turbed regions  of  the  Casi)ian,  through  Persia  to  the  southern 
slopes  of  the  Himalayas ;  thence  througli  tiie  volcanic  islands  of 
the  Jiay  of  B(!ngal,  the  numerous  volcanoes  of  Sumatra  and  Java, 
near  Sumbawu's  eai  Uiquala;  region  to  that  of  New  Zealand.  This 
belt  or  /oiif!,  on  tli(;  r>pjK>site  side  of  the  glol)e,  reaches  that  poi  tion 
of  tlj(;  Andes,  where  almost  daily  rumblings  are  h(;ard  (about 
Chimborazoj  ;  thence,  crossing  the  earthquake  region  of  Vene- 
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ziiela,  marks  the  Bitumen  Lake  of  Trinidad,  and  many  active 
volcanoes  of  other  West  India  Islands,  as  well  as  of  the  Azores. 

Demonstration:  A  radius  of  9"^  from  Mt.  Rosa  defines  accu- 
rately the  Miocene  Tertiary  (as  given  on  Murchison's  map)  on  the 
east  coast  of  England,  also  in  the  middle  of  Denmark  ;  through 
Prussia  it  is  Eocene  ;  but  Miocene  again  through  Austria,  S.  Italy, 
Sicily,  Algiers  and  vertically  central  Spain.  With  a  radius  of  12'", 
we  may  follow  the  force  which  probably  aided  in  the  separation  of 
Ireland  from  England,  and  wliich  is  indicated  by  other  important 
breaks  or  depressions.  With  a  radius  of  36^  Ave  pass,  from  the 
Miocene  on  the  eastern  flanks  of  the  Urals,  to  that  of  Spitzbergen 
and  of  Greenland.  Contracting  this  radius  somewhat,  we  follow 
the  Carboniferous  and  Permian  of  Russia  also  to  Spitzbergen  and 
Greenland.  The  great  circle,  pointed  out  in  the  law,  as  passing 
from  the  Alps  to  the  Himalayas  and  Andes,  marks  chiefly  tertiary 
regions. 

Summary :  The  dynamics  of  land-forming  would  seem,  from  the 
foregoing  demonstrations,  to  comprise  first,  a  longitudinal  force, 
scarcely,  if  at  all,  seismic,  adding  to  continents  chiefly  by  aqueous 
depositions,  inasmuch  as  each  northern  continent,  near  the  termi- 
nation of  the  median  line,  has  a  large  river  delta.  Secondly,  there 
is  an  arctic-antarctic  force  mostly  along  continental  coast  lines, 
and  connected  with  active  seismic  phenomena  of  alternate  eleva- 
tions and  depressions :  apparently  from  these  being  thinner  or 
more  yielding  portions  of  the  earth's  crust  than  at  continental 
elongations.  Thirdl}^,  in  each  continent  there  are  radii  and  cir- 
cles, connected  with  one  or  two  important  foci,  which  have  aided 
in  defining  the  geographical  limits  of  each  continent,  and  in 
bringing  geological  deposits,  in  successive  curves  of  increase  to, 
or  near  the  surface :  possibly  because  the  wave  impulse,  directly 
under  the  upheaved  plastic  focus,  sends  its  molten  contents  to 
equidistant  circles,  beneath  the  plastic  crust. 

The  geology  of  each  continent,  but  especiall^^  Europe,  has  also 
been  somewhat  modified  by  the  Alpine  central  focus  of  the  dry 
land  hemisphere. 

As  corollaries,  attention  may  be  called  to  two  additional  great 
circles  of  activit}-,  which  are  secondaries  and  great  circles  of 
illumination  to  those  phases  of  the  ecliptic  which  would  present 
themselves,  if  we  arrest  the  globe,  respectively  at  the  summer  and 
winter  solstice,  when  the  meridian  of  Mount  Rosa  (the  centre  of 
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land)  marks  noon  on  June  21  and  December  21.  This  gives  us 
one  great  circle  from  Beliring's  Straits  to  its  antipodal  antarctic, 
due  south  of  Mount  Rosa ;  almost  defining  the  junction  between 
the  land  and  water  hemispheres  ;  the  other  from  Scandinavia,  at 
the  Arctic  circle,  to  the  antipodal  point,  on  the  Antarctic,  which 
will  be  found  due  south  from  Behring's  Straits.  As  these  run 
through  the  northern  hemisphere,  the  course  of  the  more  active 
one  is  from  the  volcanoes  of  Sumatra,  nearly  parallel  to  the 
Asiatic  continental  trend,  formerly  described,  thus  skirting  the 
Japan  Gulf  Stream  ;  thence  they  pass  again,  nearly  parallel  to  the 
west  coast  trend,  through  North  and  South  America ;  whereby  a 
region  or  zone  is  marked  of  Nevada  gej^sers,  Arkansas  and  Virginia 
Hot  Springs,  Yucatan,  Cuban,  Venezuelan,  Grenadan,  Peruvian  and 
Chilian  volcanic  and  earthquake  regions.  The  course  of  the  other, 
while  running  nearlj^  parallel  to  the  North  American  east  coast 
trend,  is  from  near  the  thirty-nine  volcanoes  of  Central  America 
to  the  ge^'sers  and  volcanoes  of  Iceland,  thus  skirting,  and  proba- 
bly aiding  to  heat,  our  Gulf  Stream,  while  on  the  opposite  side  of 
the  globe,  this  zone  or  belt  passes  near  the  Hindoo  Kush  and 
western  Himalaya  elevations,  the  disturbed  regions  of  Hindostan 
and  islands  in  the  Bay  of  Bengal  (some  brought  up  within  the 
historical  period)  as  well  as  the  numerous  volcanoes  of  Sumatra. 

As  corollary  of  the  law  that,  as  one  continent  comes  up,  there 
is  usually  a  depression  on  the  opposite  side  of  the  globe,  let  us  fol- 
low the  eastern  Himalayas,  north  through  the  high  Asiatic  Table- 
lands and  observe  on  the  opposite  side  the  depressions  of  Hudson's 
Bay,  our  fresh- water  lakes,  the  Gulf  of  Mexico  and  the  deep  south- 
east Pacific,  devoid  of  islands.  May  not  this  great  depth  of  ocean, 
unobstructed  by  continents  on  the  west,  enable  the  moon  to  create 
here  the  initial,  tidal  wave,  by  raising  the  water  in  this  part  of  the 
ocean,  somewiiat  above  the  general  level,  chiefiy  to  follow  her 
apparent  path  west,  but  also  to  send  a  smaller  wave,  obstructed 
partly  l)y  the  coast  of  Patagonia,  to  extend  round  Cape  Horn  and 
there  meet  the  main  west  coming  tide? 

Tlic  evid(?nt  conne(;tion  of  these  laws  with  Terrestrial  Magnet- 
ism, with  Mineralogy  and  economic  Geology,  Arclijxjology  and 
Ethnology,  I  leave  for  otiiers  to  elalmrate  ;  or  possibly,  if  this 
paper  is  considered  as  furnishing  suflicient  demonstrations  to  point 
to  a  law,  further  elucidations  l)earing  on  these  collateral  branches 
may  l)e  attempted  on  my  part,  should  health  be  spared. 
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On  Maximum  Synchronous  Glaciation.    By  W.  J.  McGee,  of 
Farley' ,  Iowa. 

INTRODUCTION  AND  SYNOPSIS. 

The  present  paper  may  be  considered  as  a  review  of  what  is 
known  as  the  "  ice-cap  theory."  It  is  true  that  this  theor}",  as 
originally  propounded  b}^  Adhemar,  has  been  virtually  abandoned  ; 
but  modifications  of  essentially  the  same  theory  are  yet  advocated 
b}'  some  of  the  ablest  geologists.  Some  analysis  of  the  underlying 
principles  may  not,  therefore,  be  deemed  inappropriate. 

In  Part  I  the  agencies  which  effect  glaciation  are  briefly  outlined  ; 
and  it  is  shown  from  the  mode  of  operation  of  these  agencies  that 
^precipitation  over  the  central  portions  of  any  extensive  ice-field 
must  be  very  slight  or  even  nil.  Applying  the  same  principles  to 
the  polar  zones  of  the  earth,  it  is  shown  that  under  no  conceivable 
circumstances  could  ice  accumulate  very  thickl3^  around  the  poles. 
A  glance  at  the  present  condition  and  past  histor}'-  (so  far  as 
known)  of  the  polar  regions,  then  indicates  that  there  is  no  sufficient 
reason  for  believing  that  the  polar  regions  were  ever  much  more 
extensivel}'  glaciated  than  at  present. 

Part  II  is  designed  principally  to  show  approximately  (1) 
the  relative  temperature  of  all  parts  of  the  earth  when  the  ice 
of  a  glacial  epoch  extends  to  an}'  latitude ;  (2)  the  greatest 
possible  accumulation  of  ice  at  any  latitude  ;  and  (3)  that  the 
presence  of  an  ice-field  at  any  parallel  is  inimical  to  precipitation 
at  any  higher  latitude.  For  the  sake  of  simplicity  it  is,  in  three 
of  the  sections  of  this  Part,  assumed  that  the  climatal  and  meteor- 
ological conditions  are  identical  on  all  parts  of  the  same  parallel ; 
or,  what  is  equivalent,  that  the  isotherms  and  isobars  are  parallel 
and  separated  by  constantly  uniform  distances.  Such  a  condition 
would  be  much  more  favorable  to  extensive  glaciation  than  that 
which  actually  obtains.  The  influence  which  would  be  exerted  on 
the  earth's  centre  of  gravity  by  such  an  ice-cap  as  that  of  which 
the  dimensions  are  calculated  has  accordingly  not  been  computed, 
as  it  is  undoubtedly  man}^  times  too  large.  Lest  the  correctness 
of  the  figures  representing  temperatures  under  varying  conditions 
should  be  questioned,  an  additional  section  (Sec.  Ill),  showing 
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that  the  results  are  in  perfect  liarmoii}^  with  known  meteorological 
phenomena,  is  appended. 

In  Part  III  the  nature  and  cause  of  ice-motion  are  discussed,  with 
the  object  of  showing  that  the  assumption  of  a  vast  polar  ice-cap 
to  force  outward  the  peripheral  portion  of  the  ice  is  unnecessary 
and  incompetent.  The  viscous  theory  of  ice-motion  is  adopted, 
with  some  modifications ;  and  some  of  the  most  serious  objections 
to  the  theory  are  considered.  As  this  part  is  to  an  extent  spec- 
ulative, it  may  be  stated  that  the  general  conclusions  reached  are 
independent  of  it,  and  will  stand  even  if  the  viscous  theory  of 
ice-motion  be  shown  to  be  incorrect. . 

PART  I. 
SEC.  I.    SUMMARY  OF  PRINCIPLES. 
1.    Conditions  of  the  problem. 

Heat  is  the  first  essential. — The  researches  of  recent  years  have 
shown  that  a  diminution  of  the  temperature  of  the  earth,  as  a 
whole,  could  not  produce  glaciation.  As  shown  by  Tyndall,  every 
pound  of  ice  piled  up  on  land  represents  an  amount  of  heat  suffi- 
cient to  melt  five  pounds  of  cast-iron  ;  ^  and  the  true  difficulty  lies 
in  accounting  for  the  heat  stored  up  in  the  ice  of  the  glacial 
epoch.    But  heat  alone  will  not  effect  glaciation. 

Necessity  for  a  condenser. — "  It  is  quite  manifest  that  the  thing 
most  needed  to  produce  the  glaciers  is  an  imiwoved  condenser ;  we 
connot  afford  to  lose  an  iota  of  solar  action  ;  we  need,  if  anything, 
more  vapor,  but  we  need  a  condenser  so  powerful,  that  this  vapor, 
instead  of  falling  in  liquid  showers  to  the  earth,  shall  be  so  far 
reduced  in  temperature  as  to  descend  in  snow.  The  problem,  I 
thiiilv,  is  thus  narrowed  to  the  precise  issue  on  which  its  solution 
depends."^ 

Ei:(ipor(Hion  and  precipitation  do  not  occur  together. — Certain 
meteorological  conditions  accompany  i)rofuse  evaporation,  while 
precisely  opposite  couditions  result  from  ra[)id  condensation.  In 
the  first  case  tiie  air  is  necessarily  humid  ;  and  as  the  presence  of 
aqueous  vn[)or  in  the  atmoS[)here  checks  radiation  from  the  earth 
and  fioui  the  lower  atiuospheric  strata,  the  earth's  surface  and  the 

«-IIc-at  fiH  .'I  M<n\<:  of  .Motion. "  Am.  cd.,  p.  17G;  "Funns  uf  Water,"  p.  153. 
3"  Heat  "  C'l;;.,  i*.  17  ;. 
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surrounding  air  are  warmed.  Above  a  region  of  sufficiently  low 
temperature  to  condense  the  aqueous  vapor  in  the  atmosphere 
the  air  is  necessarily  dr}^,  and  is  hence  diathermous.  The  solar 
heat  is  consequently  radiated  away  directly,  without  raising  the 
temperature  of  the  region.  If  from  other  reasons  the  air  is 
rendered  dry  over  any  region,  it  will  be  lowered  in  temperature  ; 
for  each  particle  of  aqueous  vapor  absorbs  heat  16,000  times  as 
rapidly  as  a  like  particle  of  air.^  At  the  same  time  the  temperature 
will  be  rendered  variable,  as  is  the  solar  intensity. 

It  follows  that  profuse  evaporation  and  complete  condensation 
cannot  take  place  over  the  same  region  at  the  same  time  ;  and  it 
equally  follows  that  while  the  regions  which  furnish  and  those 
which  condense  vapor  may  be  contiguous,  they  must  be  quite  dis- 
tinct.   This  will  be  incidentally  demonstrated  later. 

2.  Character  of  required  condenser. 

Material  which  meets  requirements. — There  is  probably  no  other 
substance  than  water  in  the  solid  state  which  will  form  a  condenser 
sufficiently  powerful  to  meet  the  requirements  of  the  problem. 
Ice  preserves  a  temperature  of  32°  at  the  highest,  at  which  temper- 
ature air  is  practically  dry  (see  table  I  and  diagram  I)  ;  and  to 
elevate  its  temperature  one  degree  requires  as  much  heat  as  would 
raise  an  equal  mass  of  iron  1430  degrees.  Then,  when  the  sun  is 
obscured  or  below  the  horizon,  the  stored-up  heat  is  rapidly  poured 
forth  and  dissipated.  Such  a  condenser  operates  in  a  two-fold 
manner:  (1)  It  cools  the  air  by  direct  contact,  and  by  absorbing 
all  heat  radiated  upon  it  by  the  atmosphere ;  and  (2)  it  dries  the 
air  by  lowering  its  temperature  and  thus  precipitating  its  moisture  ; 
and  dry  air  is  but  slightly  affected  by  the  solar  rays. 

Now  such  a  condenser  must  so  far  exceed  in  capacity  any  tax 
that  may  ever  be  placed  upon  it  that  it  will  immediately  condense 
and  congeal  all  moisture  that  may  be  brought  to  it  by  aerial  cur- 
rents ;  for  if  the  vapor  is  not  immediately  condensed  it  will  cut 
off  radiation  from  the  ice  below,  and  thus  accelerate  melting  ;  and 
if  the  vapor  is  only  condensed  but  not  congealed  it  will  fall  as  rain, 
and  every  pound  of  it  will  melt  143  pounds  of  ice  before  it  is  itself 
frozen.  The  integrity  of  the  condenser  hence  depends  on  its  capacity 
being  far  in  excess  of  the  tvork  it  may  be  called  upon  to  perform. 

» Ibid.,  p.  3i6. 
A.  A.  A.  S.,  VOL.  XXIX.  29 


450 


IMAXIMUM  SYNCHRONOUS  GLACIATION  ; 


Form  assumed  hy  any  condenser. — The  principles  just  mentioned 
ma}"  be  applied  to  an  assumed  condenser  consisting  of  an  ice- 
sheet  1200  or  1400  miles  in  diameter,  and  situated  on  an}^  part  of 
the  globe.  The  ice  and  the  air  above  it  would  be  cold,  while  the 
surrounding  surface  and  atmosphere  would  retain  (approximately) 
their  normal  temperature.  Cold  and  dry  winds  would  blow 
from  the  interior  of  the  ice-sheet  outward,  while  warm,  A^apor- 
laden  winds  analogous  to  sea-breezes,  usually  in  the  form  of 
upper  currents,  would  blow  toward  the  ice.  Now,  if  the  quantity 
of  vapor  borne  by  the  latter  currents  were  excessive,  the  outer 
portions  of  the  ice  would  not  be  able  immediately  to  condense  and 
congeal  it.  Hence  radiation  would  be  checked,  the  tempera- 
tures of  the  air  elevated,  and  the  moisture  precipitated  as  rain. 
But  if  the  vapor  tvere  jprecipitated  as  rain,  the  margin  of  the  ice- 
sheet  ivould  be  thereby  melted.  If  this  continued,  the  ice-sheet 
would  eventually  be  destroyed.  On  the  other  hand,  if  the  vapor 
were  not  excessive,  all  of  it  would  be  precipitated  near  the 
peripher}"  of  the  condenser,  and  none  of  it  ivould  reach  the  interior. 
For  if  the  vapor-laden  air  were  borne  inward  at  the  rate  of  twenty 
miles  per  hour  (which  is  a  high  estimate)  it  would  require  thirty  or 
thirty-five  hours  for  it  to  reach  the  centre  of  the  ice-field.  Now 
it  is  quite  impossible  that  a  thin  vaporous  stratum  could  so  long 
resist  refrigeration,  surrounded  as  it  would  be  by  air  of  32°  or 
less,  and  continually  retarded  as  it  would  be  also  by  a  cold  counter- 
current ;  for  every  particle  of  vapor  would  lose  its  heat  1G,000 
times  as  rapidly  as  a  like  particle  of  air.  If  tlie  stratum  of  Immid 
air  were  thick,  the  heat  radiated  from  its  central  portions  would 
prevent  tlie  congelation  of  the  outer  portions,  and  tlie  heat  given 
out  })y  the  particles  first  condensed  would  prevent  the  congelation 
of  neighboring  particles  ;  and  moreover  radiation  from  below  would 
be  com[)letel3''  cut  olf.  But  this  again  would  destroy  the  subjacent 
ice-field.  If  the  capacity  of  the  condenser  exceeded  the  tax  put 
upon  it,  as  is  absolutely  essential,  little  if'any  vapor  could  be  carried 
far  within  its  borders.  Even  on  ordinary  land-surfaces  of  consid- 
erable extent  the  normal  })recipitation  of  rain  is  nmcli  greater 
along  the  coast  tlian  inland,  as  well  shown  in  New  South  "Wales 
l)y  II.  C.  liussell  (Rain  and  IJivcr  Obs.  in  N.  S.  W.  during  1870. 
Sydney, 1880). 

It  follows  that  on  any  i)ermanent  condenser  the  congealed  moist- 
ui(;  will  not  accumulate  uniformly  over  the  whole  surface,  but  in  the 
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form  of  an  annular  belt  thickest  at  the  margin  and  more  tenuous 
as  the  centre  is  approached,  as  shown  in  the  accompanjdng  figure 


representing  a  section  through  the  centre  of  such  a  condenser  as 
has  been  assumed.  Two  causes  would,  however,  modify  the  form 
of  the  accumulated  mass  of  ice:  (1)  That  property  which  en- 
ables ice  to  flow  as  do  viscous  bodies  (and  which  has  long  since 
been  shown  to  be  largely  dependent  on  the  rate  at  which  heat  is 
received)  would  permit  the  attenuation  of  the  peripheral  portion. 
(2)  It  is  inconceivable  that  the  equilibrium  should  be  so  nicely 
adjusted  that  rain  would  not  sometimes  fall  upon  the  marginal 
portion  of  the  ice-field,  and  remove  some  of  the  ice.  The  outer 
portion  would  hence  assume  some  such  form  as  that  indicated  by 
the  dotted  lines  in  the  figure.  The  highest  point  of  the  annular 
belt  would,  in  any  given  case,  be  difficult  to  determine  otherwise 
than  empirically  ;  but  it  would  probably  be  many  miles  within 
the  periphery. 

The  only  reliable  observations  on  the  slope  of  the  upper  sur- 
face of  an  ice-field,  now  at  hand,  confirm  the  conclusion  reached. 
Dr.  Hayes,  in  exploring  the  Greenland  ice-field,  found  that 
within  the  first  thirty  miles  from  the  outer  limit  of  the  ice- 
sheet  proper,  the  slope  gradually  diminished  from  6°  to  2°;^  and 
at  forty-five  miles  from  the  margin,  Lieut.  Jensen  found  the  slope 
to  be  only  0°  49'.5 

Necessity  of  vapor. — But  the  presence  of  a  powerful  condenser 
will  not  alone  produce  glaciation  ;  ample  (though  not  excessive) 
quantities  of  vapor  are  equally  essential.  It  is  known  that 
glaciers  extend  in  wet  seasons  and  contract  in  dry  ones,  and 
that  of  two  mountains  in  the  same  latitude  the  snow-line  sinks 
lowest  on  that  which  has  the  greatest  precipitation ;  also  that 
the  glaciers  extend  lowest  on  that  side  of  a  mountain  range  (as 
in  the  Himalayas,  the  Rocky  Mountains,  and  the  Southern  Alps 
of  New  Zealand)  which  faces  the  vapor-source.    Professor  Dana 

*"  Open  Polar  Sea,"  p.  134.  Cited  by  Dr.  Croll,  "Climate  and  Time,"  Am.  ed.  p.  379. 
^  Am.  Jour.  Sci.,  [3]  XIX,  417. 
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lias  shown  in  the  American  Journal  of  Science  that  the  thickness 
of  the  American  quaternary  ice-sheet  corresponded  in  a  general 
Tvay  with  the  present  rainfall,  and  that  where  the  precipitation 
is  very  slight  the  ice  did  not  accumulate,  as  in  the  western  plains 
and  in  the  Wisconsin  driftless  region.  The  absence  of  glacial 
indications  in  many  arctic  regions,  in  northern-central  Asia,  and  in 
other  localities,  is  undoubtedly  due  to  the  same  cause.  It  is  solely 
the  necessity  for  vapor,  indeed,  that  prompts  Professor  Tyndall 
and  others  who  have  intelligently  studied  glacial  physics,  to 
conclude  that  a  diminution  of  terrestrial  temperature  could  never 
produce  glaciation.  But,  as  just  shown,  excess  of  vapor  is  as 
fatal  to  the  accumulation  of  ice  as  an  insufficient  supply.  If  an 
ice-sheet  is  decreasing,  we  may  be  certain  that  it  is  in  consequence 
either  of  an  over-supply  or  an  nnder-supply  of  moisture ;  but 
we  cannot  a  j^riori  determine  which. 

SEC.  II.    PRESENT  AND  PAST  CONDITION  OF  POLAE  REGIONS. 
1.    Arctic  Regions. 

Present  condition. — Properly  speaking,  continental  glaciation  is 
not  now  in  progress  in  arctic  regions,  though  there  are  extensive 
local  glaciers  in  Greenland  which  serve  to  convey  an  inadequate 
idea  of  the  immensity  of  the  prehistoric  ice-sheet.  Precipitation 
is  in  excess  of  evaporation  in  the  north-frigid  zone,  just  as 
evaporation  is  in  excess  in  the  torrid  zone.  Nearly  all  the  vapor 
precipitated  in  northern  polar  regions  must  indeed  be  brought  in 
from  lower  latitudes.  Local  evaporation  must  be  insignificant, 
since  the  temperature  is  low,  and  since  a  great  proportion  of  the 
surface  consists  of  dry  land.  But  only  an  insignificant  portion 
of  the  moisture  borne  northward  by  the  warm  upper  currents  ever 
reaches  tlie  poUir  zone,  as,  owing  to  their  position,  the  heat 
conveyed  ])y  these  currents  is  rapidly  dissipated  into  interstellar 
space,  and  their  vapor  precipitated  ;  so  that  when  the  upper  current 
rin.'dly  descends,  the  air  is  dry.  Precipitation  is  therefore  limited. 
\)]\  W'eikoff  says^': — 

6I)i8Cu»»ion  and  nnnlyBis  of  I'rofcsBor  CoHin's  "  Winds  of  the  Globe,"  Smithsonian 
ContrU/utionH  to  Knowlcdf/e,  Vol.  XX,  p.  fiHO.  For  the  use  of  this  volnmo  the  writer  i3 
Indebted  to  the  Hon.  Secretary  of  the  Smithsonian  Institute,  Prof.  S.  F.  IJaird. 
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"The  constanc}^  of  the  polar  current  in  Northern  Greenland  is 
indirectly  proved  by  the  small  precipitation  of  rain  and  snow. 
The  quantity  of  snow  falling  at  Polaris  Bay  and  Lifeboat  Cove 
was  scarcely  measurable,  according  to  Dr.  Bessels.  He  thinks  the 
glaciers  of  Northern  Greenland  are  the  remnant  of  a  former  age, 
when  the  climate  was  different.  The  snow  and  ice  that  melt  ever}' 
summer  are  not  now  replaced  by  new  snow,  so  that  the  glaciers 
must  be  decreasing." 

It  is  probable,  though,  that  during  some  seasons  the  precipita- 
tion is  in  excess  of  the  melting.  No  one  can  doubt,  for  instance, 
that  precipitation  was  much  more  abundant  over  and  inland  from 
the  open  polar  sea  seen  by  Hayes  than  over  and  around  the  paleo- 
crystic  sea  seen  in  the  same  place  by  Sir  George  Nares.  There 
is  at  an}'  rate  no  evidence  that  the  climate  has  been  more  favora- 
ble for  glaciation  than  now  within  recent  times. 

The  fact  that  reindeer  cross  the  great  Humboldt  glacier  every 
season  has  led  to  a  belief  that  the  climate  of  Northern  Greenland 
is  actuallj'  less  inhospitable  than  that  of  the  central  part  of  the 
same  island.  Such  a  belief  was  indicated,  with  some  of  the 
grounds  on  which  it  is  based,  by  the  President  of  the  Royal 
Society  in  his  annual  address  for  1877.  If  there  is  such  a  habita- 
ble region  near  the  pole  it  must  be  due  to  the  precipitation  of 
nearly  all  vapor  at  lower  latitudes,  which  prevents  the  accumula- 
tion of  ice.  As  has  been  shown,  either  lack  of  vapor  or  excess  of 
vapor  may  prevent  the  accumulation  of  ice ;  but  it  is  not  excess 
of  vapor  that  prevents  accumulation  in  arctic  regions.  Though 
the  temperature  is  quite  low  enough  to  precipitate  nearly  all 
moisture  which  the  air  can  possess,  there  is  very  little  precipita- 
tion ;  and  moreover  the  greater  part  of  the  small  precipitation  is 
not  rain  but  snow  —  a  fact  which  furnishes  prima  facie  evidence 
that  the  condensing  capacity  of  the  ice-covered  regions  is  not 
overtaxed. 

Past  condition. — But  the  arctic  regions  are  now  about  as  favor- 
abl}'  situated  for  receiving  moisture  from  more  southerly  latitudes, 
or  from  any  other  source,  as  they  ever  have  been,  unless  (1),  the 
temperature  has  been  elevated  b}"  the  diminution  of  ice,  or  (2), 
the  distribution  of  sea  and  land  has  been  materially  different  from 
the  present.  The  first  of  these  possibilities  does  not  affect  the 
question  at  issue  ;  and  it  has  not  been  shown  from  geological  evi- 
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deuce  that  the  distribution  of  sea  and  land  was  very  greatly  dif- 
ferent, during  the  glacial  epoch,  from  the  present.  There  are  now 
no  equatorially-situated  ice-fields  to  cut  off  the  vapor  suppl}^,  nor 
any  other  influence,  aside  from  the  gradual  diminution  of  temper- 
ature toward  the  poles,  to  prevent  the  accumulation  of  ice  in 
northern  regions.  Both  aerial  and  aqueous  currents  tend  to  re- 
duce the  difference  between  polar  and  equatorial  temperatures  ;  and 
these  currents  must  be  about  as  eflScient  now  as  they  ever  were. 
Dr.  CroU  calculates  that  the  Gulf-stream  conveys  nearly  one-half 
as  much  heat  to  the  arctic  regions  as  is  received  directly  from  the 
sun  by  the  same  regions.'''  The  Kuro  Sivvo  similarly  transfers  a 
portion  of  the  heat  of  the  tropics  to  higher  latitudes,  and  materi- 
aWy  modifies  the  climate  of  northwestern  North  America;  —  the 
mean  temperature  of  Sitka  being  higher  than  that  of  St.  Louis,^ 
though  the  former  is  more  than  eighteen  degrees  farther  north  than 
the  latter.  The  effectiveness  of  these  and  other  vehicles  of  warmth 
and  moisture  was  probably  never  much  greater  than  to-day.  Hence 
if  now,  under  the  present  favorable  conditions,  the  arctic  regions 
do  not  receive  sufficient  moisture  to  form  a  continuous  polar  ice- 
field, it  may  reasonably  be  doubted  whether  they  ever  did. 

Furthermore,  the  geological  evidence  of  extensive  glaciation  in 
arctic  regions  is  either  wanting,  or,  at  the  least,  ambiguous  and 
equivocal.  Thus,  Dall  not  only  found  bones  of  Pliocene  mammals 
lying  undisturbed  and  unbroken  upon  the  surface  in  Alaska,  but 
(though  an  accomplished  geologist)  failed  to  find  the  slightest 
evidence  of  glacial  action.^  The  bones  of  Pliocene  animals  so 
abundantly  found  in  northern  Asia  seem  to  be  destitute  of  glacial 
markings,  and  are  found  in  such  positions  as  they  would  not  be 
likely  to  occupy  if  glaciation  had  taken  place  since  their  accumu- 
lation. The  geological  age  of  the  tree  found  by  Sir  Edward 
Belcher  in  lat.  75°  32' N.,  long.  92°  W.io  is  doubtful;  but  there 
seems  to  ho  some  reason  to  believe  that  its  age  is  that  of  the 
''forest  bod"  of  ])oth  sides  of  the  Atlantic.^    If  this  be  so  (as 

'  "Cliiii;ite  and  Time,"  p.  27. 
•  Dr.  Wf;ik(»ff,  op.  cit.,  p.  CHH. 
f  Whynipor'H  "Travels  in  Alanka."  Ai)pcnflix. 

""'Tin;  laht  of  the  Arctic  VoyajccH,"  Vol.  I,  p.  :}81.  "British  Association  Report  for 
ISr,:*."  i».  :;hI.   cited  by  Croli,  "Climate  and  Time,"  p.  2^. 

"Dr.  Newberry,  "  Geolo;,'icMl  Survey  of  Olilo,"  1871,  Vol.  1 1,  pt.  I,  p.  3.  Author, //wi. 
Jour.  Sci.,  Vol.  XVI,  p.  -j.'/.);  u\ho  I'roccedinf/a  of  the  American  AsaocicUion,  Vol.  XXVII. 
p.  lUH. 
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Dr.  Croll  also  seems  to  consider),  glaciation  must  have  taken  place 
in  north-temperate  countries  since  the  tree  reached  maturity  ;  but 
its  presence  furnishes  the  best  possible  evidence  that  the  glacia- 
tion did  not  extend  to  that  high  latitude.  As  shown  by  the  Rev. 
Prof.  S.  Haughton,  from  the  geological  observations  of  McClin- 
tock's  voyage,  the  bowlders  of  the  arctic  archipelago  were  carried 
northward  and  it  was  long  ago  pointed  out  by  Sir  Charles  Lyell 
that  Scandinavia,  Scotland,  Labrador,  and  other  elevated  regions 
formed  independent  centres  of  dispersion  of  erratics  during  the 
glacial  period, 13  as  could  not  happen  if  a  polar  ice-cap  occupied 
higher  latitudes.  During  an}^  glacial  period,  indeed,  the  ice  in 
temperate  regions  would  cut  off  the  supply  of  moisture  previously 
borne  northward,  in  accordance  with  the  principles  which  tend  to 
prevent  the  accumulation  of  ice  in  the  central  portions  of  any  ex- 
tensive ice-field.  It  is  accordingly  extremely  doubtful  whether 
tlie  arctic  regions  were  ever  much  more  extensively  glaciated  than 
now. 

2.  Antakctic  regions. 

Present  condition, — Regarding  the  character  of  the  antarctic 
continent,  but  little  has  been  positively  determined.  "It  seems, 
so  far  as  is  at  present  known,  that  the  whole  of  the  antarctic  land, 
low  and  high,  as  well  as  the  ice-cap  of  which  a  portion  of  the 
continuous  continent  may  consist,  is  bordered  to  some  distance 
by  a  fringe  of  ice,  which  is  bounded  to  seaward  by  a  perpendicular 
ice-cliff,  averaging  230  feet  in  height  above  the  sea-level.  Outside 
the  cliff  a  Jloe,  which  attains  near  the  barrier  a  thickness  of  about 
twenty  feet,  and  in  some  places  by  piling  a  considerably  greater 
thickness,  extends  northward  in  winter  to  a  distance  varying  ac- 
cording to  its  position  with  reference  to  the  southward  trending 
branches  of  tlie  equatorial  current ;  and  this  floe  is  replaced  in 
summer  by  a  heavy  drifting  pack,  with  scattered  icebergs."!'^ 

The  ice  extends  much  farther  from  the  pole  than  in  the  northern 
hemisphere,  and  forms  what  appears  to  be  a  true  continental 

»«"In  the  Arctic  Seas,"  Philadelphia  (author's  edition),  Appendix,  p.  3G8. 
"See  "  Antiquity  of  Man,"  last  edition. 

"  Sir  Wyville  Thomson,  in  address  before  the  Geog.  Section  of  the  British  Associa- 
Uon,  Dublin  meeting.  Brit.  Assoc.  Rep.,  1878,  p.  G19.  Nature,  Aug.  22, 1878.  Copied 
from  Am.  Jour.  Sci.,  Vol.  XVI,  No.  XCV,  p.  35G. 
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glacier  averaging  nearly  2200  miles  in  diameter,  and  covering 
at  least  the  peripheral  portion  of  an  area  of  about  4,700,000 
square  miles,  according  to  Sir  Wyville  Thomson.  Aside  from 
all  extra-telluric  agencies  (which  seem  to  be  necessary  for  the 
inauguration  of  glacial  epochs  proper,  but  which  do  not  in 
any  way  affect  the  question  under  consideration),  it  is  mani- 
fest, in  accordance  with  glacial  physics,  that  the  considerable 
accumulation  of  ice  here  is  due  to  the  great  quantities  of  moisture 
borne  thither  by  winds  and  precipitated  as  snow  upon  the  vast 
ice-masses  alreadj^  formed.  But  the  ice  has  not  reached  the  greatest 
possible  thickness ;  for  it  falls  far  short  of  that  attained  by  the 
quaternary  ice-sheet  in  North  America.  As  in  the  northern  hem- 
isphere, too,  the  precipitation  is  chiefly  of  snow.  Therefore  it 
must  be  only  lack  of  sufficient  quantities  of  vapor  that  prevents 
the  accumulation  of  still  greater  masses  of  ice. 

There  is  a  remarkably  constant  and  uniform  belt  of  low  baro- 
metric pressure  extending  around  the  globe  at  about  S.  lat.  65°,  as 
shown  by  Buchan.  Unlike  the  regions  of  low  barometer  in  other 
portions  of  the  globe,  this  belt  remains  constant  in  spite  of  the 
fluctuations  of  the  seasons.  To  this  region  of  low  pressure,  which 
corresponds  roughly  with  the  antarctic  glacier-margin,  and  is  un- 
doubtedly largely  due  to  its  presence,  the  winds  blow  regularly 
from  both  north  and  south.  The  northerly  winds  bear  thither 
the  vapor  from  temperate  oceans,  and  it  is  precipitated  on  the 
peripheral  ice-belt.  If  any  vapor  is  formed  within,  over  the 
interior  of  the  ice-region,  it  is  borne  outward  and  deposited  with 
that  brought  from  the  opposite  direction  ;  and  this  polar  current, 
refrigerated  by  contact  with  the  ice,  tends  to  check  the  bringing 
in  of  vapor,  and  aids  also  in  its  congelation. 

Now  we  cannot  imaghic  a  condenser  in  high  latitudes  to  be 
more  favorably  situated  for  receiving  moisture  than  is  the  antarc- 
tic ice-field,  surrounded  on  all  sides  as  it  is  with  warmer  seas,  and 
consectanoous  as  its  margin  is  witli  the  median-line  between  two 
of  tlie  wind-systems  of  the  glol)e,  which  bear  thither  and  pile  up 
in  snow  all  llie  moisture  witli  which  they  are  charged.  Yet  here 
■we  find  a  glacier  not  over  MOO  feet  in  thickness  at  the  margin, 

"The  ronhlnnry  nncl  wtronpfth  of  tliese  ciirnintH  arc  imperfectly  nliown  in  Coflln's 
"  Win«lM  <>r  the  Globe."  They  m  e  jiiHt  such  winds  as  would  be  formed  by  the  presence 
of  an  icc-fleld  on  any  part  of  tlie  globe. 
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and  rising  with  a  gentle  slope  as  far  as  the  eye  can  reach  toward 
the  interior  —  perhaps  half  a  degree,  and  certainly  not  much  more 
than  a  degree  in  an}'-  case.  It  has  been  supposed  that  the  upward 
slope  continues  to  the  pole ;  but  this  seems  to  be  a  wholly  gra- 
tuitous assumption,  which  is  disproved  not  only  by  the  known 
meteorological  laws  already  detailed,  but  by  the  observation  of 
explorers.  Sir  Wyville  Thomson,  whose  opportunities  for  inves- 
tigating this  matter  were  unrivalled,  believes  that  the  ice  is  not 
even  continuous  within  the  outer  circumscribing  belt. 

Past  condition. — We  have  no  means  of  ascertaining  the  past 
history  of  the  antarctic  continent  from  the  geological  record  ;  but 
it  is  quite  certain  that  it  never  could  have  been  more  favorably 
situated  for  glaciation  than  to-day ;  and  hence,  unless  meteoro- 
logical laws  were  widely  different  in  the  past  from  those  now  ob- 
taining, that  it  never  could  have  been  much  more  deeply  covered 
with  ice  than  now.  If  the  antarctic  ice-cap  ever  extended  so  far  as  to 
spread  over  parts  of  Africa  and  South  America,  the  precipitation 
of  moisture  must  have  taken  place  along  the  outer  margin  of  the 
ice,  and  none  could  have  been  carried  within  it  to  the  latitudes 
now  bounding  the  southern  ice-cap. 

Conclusion. 

The  foregoing  statement  of  principles  and  review  of  facts  war- 
rant the  provisional  conclusion  that  the  polar  regions  are  about  as 
extensively  glaciated  to-day  as  they  ever  can  have  been, 

PART  II. 

SEC.  I.  — CLIMATAL  EFFECT  OF  AN  ICE-CAP  EXTENDING  TO 
ANY  LATITUDE. 

1.  Distribution  of  heat  vtill  be  stopped. 

Marine  currents. —  An  immense  amount  of  heat  is  annually  car- 
ried within  the  arctic  and  antarctic  circles  by  ocean  currents  ;  and 
the  climate  of  all  northern  lands  is  very  considerably  ameliorated 
through  the  influence  of  these  vehicles  of  heat,  as  admirably 
shown  by  CroU  ;  —  indeed  this  physicist  insists,  and  apparently 
with  good  reason,  that  if  oceanic  circulation  were  stopped,  the 
climate  of  the  globe  would  be  so  changed  that  it  would  no  longer 
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be  habitable  for  existing  orders  of  beings.  Now  it  is  manifest 
that  if  a  continuous  ice-cap  extended  to  any  distance  from  the 
pole,  marine  currents  would  be  inoperative  anywhere  within  its 
outer  margin.  The  stoppage  of  this  heat-distributing  agenc}^ 
would  materially  increase  the  difference  in  temperature  of  equator 
and  poles. 

Aerial  currents. — Winds,  especially  when  vapor-laden,  play  an 
important  part  in  the  distribution  of  the  equatorial  heat  over  the 
surface  of  the  globe ;  and  as  they  are  operative  alike  over  the 
whole  of  the  terrestrial  surface,  it  is  probable  that  their  effect  is 
approximately  commensurate  with  that  of  marine  currents.  But, 
as  intimated  in  Part  I,  if  an  ice-cap  extended  to  any  latitude,  the 
winds  from  without  would  blow  only  to  its  margin,  where  they 
would  be  met  b}^  a  cold  counter-current  from  the  interior,  just  as 
is  now  the  case  in  the  antarctic  ice-field.  In  arctic  regions  too,  as 
stated  by  Dr.  Weikoff,  high  barometric  pressure  coincides  with 
low  temperature.  This  gives  rise  to  a  gentle  but  constant  polar 
current ;  or,  when  the  pressure  is  less,  simply  prevents  the  in- 
blowing  of  equatorial  winds.  The  same  eminent  meteorologist 
states  that  the  proportion  of  calms  increases  with  the  augmentation 
of  barometric  pressure  and  diminution  of  temperature.  "  Arctic 
America,"  he  says,  "  is  noted  for  its  frequent  calms  in  the  colder 
part  of  the  year — a  feature  observed  by  nearly  all  who  have 
wintered  in  these  regions."  Dr.  Bessels  found  that  at  Lifeboat 
cove  during  the  winter  of  1872-3  there  were,  on  an  average  for 
seven  months,  140  hours  out  of  1,000  during  which  "  a  self-regis- 
tering wind-vane  did  not  indicate  any  movement  of  air  whatever." 

Parry  and  Barrow  believed  that  a  perfect  calm  exists  at  the  pole." 
It  is  accordingly  safe  to  assume  that  the  winds  on  any  extensive 
polar  ice-cap  would  consist  of  gentle  polar  under-currents,  in- 
creasing in  force  toward  the  margin  of  the  ice,  and  equally  gentle 
upper  currents  of  dry  air  moving  toward  the  interior. 

EUmimdion  of  aqueous  vapor. — The  efBcicncy  of  aerial  circula- 
tion in  distributing  tlie  tropical  heat  over  the  surface  of  the  globe 
is  mainly  dependent  on  tlie  aqueous  vapor  intermingled  with  the  air. 
But  the  vapor  would  be  practically  eliminated  from  the  air  over  an 
ice-field  in  oonsequcMice  of  the  low  temperature  which  it  would  be 
forced  to  as.sume.  If  the  vapor  were  not  eliminated,  the  ice  would 

1"  DiscuHhifiri  nnrl  nnalv'biH  of  Collin's  '*  Wiiida  ol  the  Globe,"  Smithsonian  Contribu- 
W,n»,  Vol.  XX,  i».  077. 
Ibid. 
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be  melted,  as  alreridy  shown.  The  air  being  rendered  dry  and 
hence  diathermous,  the  aerial  currents  which  continued  to  exist 
over  the  ice-field  would  be  practically  inefficacious  in  distributing 
the  heat  derived  from  the  sun. 

Throughout  this  paper  it  will  be  assumed  that  (a)  the  amount  of 
vapor  in  the  atmosphere,  (6)  the  precipitation  at  any  latitude,  and 
(c)  the  efficiency  of  aerial  currents  as  heat  carriers,  are  proportional 
to  the  temperature.  One  object  in  so  doing  is  to  keep  all  conclusions 
well  within  bounds.  Actually  the  vapor-tension,  or  elastic  force  of 
vapor,  decreases  in  a  decreasing  ratio  with  the  temperature,  as 
shown  in  the  following  table  and  diasfram.  "  The  elastic  force 
may  be  regarded  as  representing  approximately  the  absolute 
quantity  of  vapor  suspended  in  the  atmosphere." Precipitation 
rarely  occurs  except  when  the  point  of  saturation,  or  dew-point, 
is  exceeded.  But  the  atmosphere  is  less  frequently  saturated  in 
polar  than  in  equatorial  regions,  as  attested  by  the  less  frequent 
precipitation.  As  already  shown  (Part  I,  Sec.  II),  the  precip- 
itation in  arctic  regions  is  almost  nil  in  winter,  and  very  slight  in 
summer.  Even  the  table  and  diagram,  therefore,  present  too 
favorable  a  showing.  On  the  other  hand,  however,  the  heat-ab- 
sorbing and  conveying  power  of  perfectly  dry  air  will  be  disre- 
garded. This  will  be  more  than  counterbalanced  by  the  former 
allowance. 

TABLE  I. 
Vapor-tension  at  various  temperatures. 
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70 
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5 

343 

35 
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75 
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0 

434 

40 

2476 

80 

1.0232 

Table  I  is  condensed  from  table  VI,  of  class  II  (Hygromet- 

"  A.  Buchan  on    Atmosphere,"  in  Encyc.  Brit.,  9th  ed.,  vol.  HI,  p.  32. 
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rical  Tables)  in  Smithsonian  Miscellaneous  Collections;  by  Arnold 
Guyot,  1854.  That  table  exhibits  the  Elastic  force  of  aqueous 
vapor,  expressed  in  English  inches  of  mercury  for  temperatures  of 
Fahrenheit.  Reduced  from  Eegnault's  table."  Diagram  I  ex- 
hibits the  relation  graphically ;  inches  of  mercury  being  repre- 
sented by  abscissas,  and  temperatures  by  ordinates. 
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Conclusion. — Id  view  of  the  foregoing  considerations  it  seems 
safe  to  conclude  that  the  ordinary  and  most  efficient  heat-distribut- 
ing agencies  would  be  wholly  inoperative  over  any  extensive  ice- 
field. 

2.  Direct  loss  of  heat  will  be  augmented. 

Increased  radiation. — The  earth  dissipates  energy  in  the  form 
of  heat  as  rapidly  as  it  is  supplied  by  the  sun  and  the  stars; 
Init  its  phj'sical  constitution  is  such  thnt  normally  the  solar 
lieat  is  not  immediately  radiated  away.  In  consequence,  the  ex- 
terior portions  of  the  earth  arc  considerably  elevated  in  tewipcra- 
ture.  Tliis  storing  up  and  utilization  of  the  solar  energy  are 
mainly  accomplisiied  by  tlie  protecting  envelope  of  aqueous  vapor 
wliich  surrounds  the  greater  portion  of  the  earth.  When  the  air  is 
dry  ( and  consequently  practically  dinthermous,  as  shown  by 
T^'ndall  — "  Heat,"  etc.,  p.  310)  the  solar  heat,  though  pouring 
upon  the  earth's  surface  with  undiminished  fervor,  is  just  as 
rapidly  thrown  l^ack  upon  the  interstellar  ether  and  lost  to  the 
earth.    Thus  in  Sahara,  though  the  heat  of  the  sun  is  i)ainful,  the 
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nights  are  so  cold,  in  consequence  of  the  unchecked  radiation, 
that  ice  sometimes  forms  over  exposed  water-surfaces  ;  and  the  daily- 
range  of  the  thermometer  is  so  great  (sometimes  70°  or  more)  as 
to  cause  serious  apprehension  in  the  minds  of  the  engineers  of  a 
proposed  railway  that  the  resulting  expansion  and  contraction  of 
the  rails  would  be  fatal  to  stability  of  the  track. In  south-central 
Africa,  Dr.  Livingstone  found  the  thermometrical  range  from 
sunrise  to  noon  to  be  48°.  In  central  Australia,  Captain  Stnrt 
found  the  range  of  temperature  from  sunrise  to  mid-day  to  reach 
sometimes  53°  or  even  56°  ;  and  in  one  case  the  thermometer 
varied  72°  within  twenty-four  hours.^^  These  figures  show  that 
where  the  atmosphere  is  diathermous  from  any  cause,  the  tempera- 
ture varies  much  more  nearly  as  the  solar  intensity  than  where  the 
air  is  humid.  In  arctic  regions  the  same  tendency  is  very  strikingly 
manifested.  Pitch,  on  the  sides  of  a  vessel,  has  been  seen  to  melt  by 
solar  action,  while  the  surrounding  air  was  below  the  freezing- 
point  ;  22  and  the  difference  between  the  reading  of  a  thermometer 
exposed  to  the  solar  rays  and  the  actual  temperature  of  the  air 
has  been  found  to  be  as  higli  as  80°. 

Snow-  and  ice-covered  surfaces  dissipate  heat  much  more  rapidly 
than  land-surfaces  equally  destitute  of  vaporous  covering.  "  Of 
the  numerous  w^onderful  properties  of  water,  not  the  least  impor- 
tant is  this  extraordinary  power  which  it  possesses,  in  all  its  states 
of  aggregation,  discharging  the  motion  of  heat  upon  the  inter- 
stellar ether."  ^3  During  the  intense  cold  following  snowstorms  in 
the  northwestern  states,  when  the  mercury  is  far  below  zero 
or  perhaps  solidified,  the  air  is  so  nearly  free  from  vapor  that  the 
blinding  glare  of  the  sun  is  painful ;  yet  so  perfect  is  the  radiation 
that  the  solar  rays  may  pour  upon  freshly-fallen  snow  sheltered 
from  the  wind  for  the  whole  day  without  perceptibly  softening  it. 
The  air  may  not  be  abnormally  dry  at  such  times,  either,  but  may 
be  fully  saturated,  as  attested  by  solar  parhelia,  and  by  a  constant 
shower  of  minute  scales  and  spiculiB  of  ice,  which  can  be  seen  glis- 
tening in  the  sun  as  high  as  the  eye  can  reach.  Besides  radiating 
so  readily  while  exposed  to  solar  action,  ice  absorbs  heat  without 
becoming  sensibly  warmed  thereby  ;  and  when  the  sun  is  below 

"  Scientific  American,  vol.  XXXIX,  p.  373. 

20  Cited  by  Tyndall,  "  Heat,"  etc.,  p.  348. 

21  Op.  cii.,  349. 

22  Scoresby,  "  Arctic  Regions,"  vol.  11,  p.  379,  cited  by  Croll,  "  Climate  and  Time," 
p.  58. 

23  Tyndall,  "  Heat,"  etc.,  p.  340. 
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the  horizon  the  heat  so  stored  is  radiated  away  with  equal  facility. 
Indeed,  it  will  be  seen  from  a  subsequent  table  that  it  is  extremely 
doubtful,  if  the  earth  were  blanketed  with  ice,  and  its  own  proper 
heat  cut  off,  whether  melting  would  ever  take  place. 

It  will  be  shown  in  Sec.  Ill  that  any  increase  in  annual  or 
diurnal  thermometrical  range  is  accompanied  by  a  diminution  of 
mean  temperature. 

Rejection  from  snow-covered  surfaces. — Eeliable  data  as  to  the 
exact  proportion  of  incident  heat  reflected  from  snow-  and  ice- 
covered  surfaces  are  not  at  hand  ;  but  both  reflect  light  eflTectively  ; 
and  as  the  law  of  the  reflection  of  heat  is  "  precisely  the  same  as 
that  of  light,"  24  it  seems  probable  that  heat  also  is  reflected  with 
equal  facility.  Franklin's  well-known  experiment,  of  placing 
diff'erently  colored  pieces  of  cloth  on  snow  and  noting  the  melting 
under  each  in  order  to  determine  the  heat-absorbing  capacity  of 
the  several  colors,  would  also  equally  exhibit  the  radiating  and 
reflecting  power  of  each  as  compared  with  that  of  snow,  if  meas- 
urements were  properly  made.  That  earth  drifted  from  ploughed 
fields  during  wind-storms  greatly  facilitates  the  melting  of  the 
snowbanks,  over  which  it  is  spread,  is  known  to  every  resident  of 
northern  United  States  ;  Lieut.  Weyprecht  found  that  a  heap  of 
ashes  or  of  the  excreta  of  bears  caused  the  melting  of  spots  in  the 
field  of  ice  which  enclosed  the  TegettJioff,  during  the  late  Austro- 
Hungarian  expedition,  and  that  sometimes  these  materials  sank 
entirely  through  the  ice ;  ^5  a  serrate  or  lobate  leaf  will  sink  an 
inch  below  the  surface  of  an  ice-covered  pond,  while  the  melting 
of  the  surrounding  ice  is  so  slight  that  the  cavity  retains  the  pre- 
cise outline  of  the  leaf;  and  we  arc  even  told  in  text-books  that  in 
certain  mountainous  parts  of  northern  Europe  the  farmers  spread 
soot  and  black  earth  over  the  snow  covering  the  fields  in  spring  to 
hasten  its  melting.  In  each  of  these  cases  radiation  and  reflection 
coordinatcly  produce  the  observed  effect ;  but  just  what  part  is  to 
be  attril)nted  to  each  is  difficult  to  determine. 

Pending  the  results  of  certain  experiments  which  have  been 
instituted  to  determine  the  actual  proportion  of  heat  radiated  from 
ice  and  snow,  it  may  be  assumed  that  the  ratio  is  2 ^)  per  cent. ; 
and  this  allowance  will  ])c  made  in  the  tables  and  diagrams  of 
succeeding  sections.  It  seems  scarcely  possible  that  this  estimate 
is  too  large  ;  but  if  it  is,  the  excess  is  doubtless  more  than  counler- 

"  JUd.,  p.  228. 

9»  "  Die  MetamorphoHcn  dcs  PolarciscB."  See  Nature,  Oct.  10, 1879,  p.  C73. 


BY  W.  J.  MCGEE. 


463 


balanced  by  the  radiation,  which  will  be  disregarded.  It  should 
be  borne  in  mind  that  if  the  storing-up  of  heat  by  its  superficial 
portions  were  stopped,  and  the  effect  of  interior  heat  eliminated, 
the  exterior  of  the  earth  would  assume  the  temperature  of  stellar 
space,  or— 239.° 

Atmospheric  absorption. — It  is  usually  considered  that,  in  conse- 
quence of  the  oblique  passage  of  the  solar  rays,  the  polar  atmos- 
phere absorbs  more  of  the  solar  heat  than  the  tropical  atmosphere  ; 
but  it  is  probable,  in  view  of  that  rapid  sifting  out  of  discordant 
ra3's  which  was  observed  by  Melloni  and  clearly  illustrated  by 
Tyndall,  that  nearly  all  of  the  absorption  not  due  to  contained 
aqueous  vapor  takes  place  within  the  upper  strata  of  the  atmos- 
phere. Eliminating  the  agency  of  aqueous  vapor,  therefore,  it  is 
probable  that  the  difference  in  thickness  traversed  does  not  exer- 
cise much  influence  upon  the  heat-absorbing  power  of  the  atmos- 
phere. But  aqueous  vapor  is  less  abundant  in  polar  than  in 
equatorial  regions.  Atmospheric  absorption  may  therefore  be 
disregarded. 

Conclusion. — In  view  of  the  considerations  detailed  in  this 
section  it  ma\^  safely  be  concluded  that  over  any  continental  ice- 
field the  heat-distributing  agencies  which  now  modify  terrestrial 
climate  would  be  eliminated  or  rendered  inoperative  ;  and  that  the 
temperature  of  the  various  portions  of  such  a  region  would  be  that 
due  to  the  direct  accession  of  heat  from  the  several  sources,  minus 
the  increased  loss  by  direct  reflection  and  immediate  radiation. 

SEC.  II.— ABSOLUTE  TEMPERATURE  OF  A  HEMISPHERE  BEAR- 
ING AN  EXTENSIVE  POLAR  ICE-EIELD. 

1.  Temperature  if  aerial  and  aqueous  circulation  were 

STOPPED  from  equator  TO  POLE. 

Actual  temperature  of  the  earth. — Though  published  nearly 
thirty  years  ago  the  late  Professor  W.  H.  Dove's  determinations! 
of  the  temperature  of  the  globe  have  not  been  superseded,  but. 
form  the  standard  in  use  to-day.  Table  II  exhibits  the  temper- 
ature of  the  northern  hemisphere  and  of  the  whole  earth,  as 
recorded  in  Professor  Dove's  "  Verbreitung  der  Warme  auf  der 
Oberflache  der  Erde,"  in  degrees  Reaumur  and  reduced  to  degrees 
Fahrenheit ;  and  the  same  temperatures  are  graphically  repre- 
sented by  the  most  nearly  horizontal  curvets  in  diagram  II,  in 

28  To  avoid  the  possibility  of  error,  the  determinate  points  in  all  the  diagrams  are 
connected  by  straight  lines. 
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which  ordinates  represent  latitudes,  and  abscissae  temperatures. 
The  method  by  which  these  figures  were  originally  obtained  will 
be  described  in  Section  III. 


TABLE  II. 
Temperature  of  the  Earth  —  Dove. 


Latitude. 

Reaumur. 

Fahrenheit. 

Latitude. 

Reaumur. 

Fahrenheit. 

SO' 27 

—13.2' 

+  2.3° 

20° 

+20.2° 

+77.4" 

80 

—11.2 

6.8 

10 

21.3 

79.9 

70 

—  7.1 

16.0 

0 

21.2 

79.7 

60 

—  0,8 

30.2 

N.  Hemisphere, 

12.4 

59.9 

50 

+  4.3 

41.7 

S.  Hemisphere. 

10.928 

56.5 

40 

10.9 

56.5 

Earth. 

11.7 

58.3 

30 

IG.S 

69.8 

Heat-sources. — The  temperature  of  the  earth's  surface  is  due  to 
the  heat  derived  from  three  several  sources,  viz. :  (1)  the  sun, 
(2)  the  other  stellar  and  planetary  bodies,  and  (3)  its  own  in- 
terior. That  from  the  last  named  source  is  usually  disregarded, 
partly  because  its  amount  has  not  been  accurately  determined  ;  — 
thus,  while  Pouillet  estimated  it  at  1 : 40  of  the  solar  heat,  Fourier 
estimated  it  at  only  1 :  COO.  In  a  series  of  papers  published  in 
the  Dubuque  Times  some  years  ago  the  writer  endeavored  to  show 
from  known  physical  laws,  as  well  as  from  a  comparison  of 
Fourier's  coefficient  with  certain  data  furnished  by  McClintock 
with  regard  to  the  warming  of  the  interior  of  a  snow-hut  by  proper 
terrestrial  heat,  that  the  thermal  effect  of  the  heated  interior  of  the 
earth  is  greater  in  cold  than  in  warm  regions ;  but  while  the 
figures  obtained  indicated  that  the  heating  effect  in  arctic  America 
is  several  times  greater  than  in  Paris,  the  data  were  so  imperfect 
as  to  vitiate  the  result.  While  there  is  undoubtedly  some  difference 
in  the  rate  at  which  the  interior  heat  is  conveyed  to  difl'erent 
portions  of  the  surface  (as  lias  indeed  been  recently  pointed  out 
by  M.  Fayc  and  Professor  Milne  with  regard  to  sea  and  land),  it 
is  probably  so  slight  that  this  factor  may  safely  be  disregarded. 

The  temperature  of  interstellar  space  has  been  determined  by 

"  LatitudoH  refer  to  northorn  licmiflpIirTO  only. 

'•I  Keront  ohscrvationH  <;ollor,;il(  <l  Ijy  Dr.  JIann  in  drr  Zeitschrift  far  Mcteorolopia 
ihow  that  UiCHC  fl;,'ijrcH  are  Hiightly  inaccurate  (8(m;  neotion  IH);  hut  jih  n(!arly  nil  Iho 
tables  in  Ihia  Part  were  comimted  before  Dr.  Ilann'n  paper  was  seen,  Dove's  flgurca 
cave  not  been  altered. 
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Herschel  and  Pouillet,^^  to  be  about  —  239°  F. ;  and  absolute  zero 
is,  according  to  Tyndall,^^  491.4°  below  the  melting-point  of  ice, 
or — 459.4°.  Stellar  heat,  therefore,  raises  the  temperature  of  the 
earth's  surface  220°,  disregarding  fractions.  Practically,  this  heat 
is  uniformly  distributed  over  the  whole  of  the  terrestrial  surface. 
As  pointed  out  by  Croll,^!  the  effect,  of  the  earth's  atmosphere 
is  to  elevate  the  temperature  of  the  earth  slightly  above  that  of 
space ;  and  the  presence  of  aqueous  vapor  undoubtedly  tends  to 
increase  this  effect.  This  factor  also  may  safely  be  disregarded, 
however. 

Solar  energy  suffices  to  raise  the  temperature  of  the  terrestrial 
surface  from  —  239°  to  +58°  (disregarding  fractions),  or,  abso- 
lutely, 297°  on  an  average;  but  the  solar  heat  is  very  unequally 
distributed.  The  relative  solar  intensity  at  the  various  parts  of 
the  earth's  surface  has  been  computed  by  Meech,^^  and  is  shown 
in  the  accompanying  table  III.  The  amount  of  heat  falling  upon 
each  square  foot  of  surface  on  the  equator  at  the  time  of  the  vernal 
equinox  was  taken  as  80  heat-units  (which  are  of  course  purely 
arbitrary),  and  the  accession  at  other  latitudes  computed  ac- 
cordingly. 

TABLE  III. 
Solar  Intensity  at  various  Latitudes. 


Latitude. 

Intensity. 

Latitude. 

Intensity. 

0* 

81.50 

50' 

55.73 

10 

80.38 

GO 

4G.36 

20 

77.03 

70 

38.G1 

30 

71.  G3 

80 

34.95 

40 

64.39 

90 

33.83 

Mean  for  the  whole  Earth  GG.73 


The  table  is  graphically  depicted  in  diagram  II,  in  which  the 
solar  intensity,  reduced  to  temperature  by  the  method  about  to  be 

29Pouillet,  Compies  Itendus,  July  9,  1838.  Herschel,  Meteorology,  sec.  36.  There 
can  be  but  little  doubt  that  the  determination  is  too  high. 

Since  the  above  was  written  the  writer  has  been  informed  that  the  question  has 
recently  been  re-investigated  in  the  lloyal  Observatory  of  Russia,  and  the  value  of 
—  202°  obtained;  but  the  publication  (liepertoriumfiir  Meteorologie  —  Meteorologitcheski 
Zbornik  — vol.  Vll  ?  )  has  not  yet  been  seen. 

30  "  Ileat,"  etc., )).  72,  et  passim. 

SI "  Climate  and  Time,"  p.  39. 

32 "  On  the  Relative  Intensity  of  the  Heat  and  Light  of  the  Sun."  Smithsonian 
Contributions  to  Knowledge,  vol.  IX,  1855,  p.  30. 

A.  A.  A.  S.,  VOL.  XXIX.  30 
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detailed,  is  represented  by  the  curve  having  the  widest  range. 
The  relation  to  existing  temperatures  is  numerically  shown  in 
table  IV. 


^19  rA  

iOC 

10 
AO 
IC 

c 

-IC 
40 
iC 

 tTi 

» 

0°         10°       10°        JO'        40'       SO"        (,0°        70°        ^o"  "fcr 

(CO 

go 

iO 

40 
20 
0 
-20 

so 

m 
no 

 1/7 

-z» — 

 -  

— 

\ 
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\ 
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\ 

 > 

-A  
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Tp/mj}(irature  if  'proportional  to  diroct  thrrmal  effect. — If  tlic  tern, 
peratureofan  ice-coverod  hetnispliere  varies  as  the  heat  received 
from  all  sources,  minus  twenty-five  prr  ccvt.  of  the  sohir  intcmsily,^ 
it  can  easily  be  calculatcid  for  any  latitude  from  the  simple  ex- 
pression X  {n  —  25  per  cent.),  in  which  a  represents  the 
mean   bolur  intensity,  c  the  mean  temperature  above  stellar 
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space,  and  n  the  intensity  at  the  latitude  whose  temperature 
is  required.  Table  IV  has  been  computed  accordingly ;  and 
some  other  figures  are  added.  Column  I  gives  the  actual 
mean  annual  temperature  of  the  northern  hemisphere  as  deter- 
mined by  Dove,  and  column  II,  the  vapor-tension  corresponding 
to  such  temperatures,  taken  from  the  table  already  mentioned. 
These  vapor-tensions  are  introduced  to  show  how  much  greater 
is  their  range  than  that  of  temperatures.  Column  III  exhibits 
the  solar  intensity,  as  computed  by  Meech  ;  column  IV  represents 
the  corresponding  temperature  above  stellar  space  calculated  by 
means  of  the  above  formula  ;  column  V,  the  same  temperature  ex- 
pressed according  to  the  Fahrenheit  scale ;  and  column  VI,  the 
corresponding  vapor-tension.  The  three  succeeding  columns  ex- 
hibit like  values  diminished  by  2o  per  cent.  The  principal  values 
are  graphically  represented  by  the  full  lines  in  diagram  III, 
into  which  the  actual  temperature-curve  is  introduced  for  com- 
parison. The  relation  of  vapor-tension  to  temperature  was  shown 
in  diagram  I. 

TABLE  IV. 
Temperature  of  an  ice-covered  Hemisphere, 


Latitude. 

I. 

Temper- 
nture — 
Dove. 

II. 

Vapor- 
tension 
-Guyot. 

III. 

Solar 
Inten- 
sity— 
Meech. 

Undiminished. 

Diminished  25  per  ct. 

IV. 

Temper- 
ature 
above 
space. 

V. 

Equiva- 
lent in 
deg.  F. 

VI. 

0.2 
^3 

VII. 

Temper- 
ature 
;il)()VG 

VIII. 

Equiv- 
alent in 

IX. 

9  2 
^1 

0" 

-1-79.7°  F. 

1.00  in. 

81.50 

362.67° 

-1-123.67° 

272.00 

1 

-4-33.00°io.l88 
1 

10 

79.9 

1.02 

80.38 

357.69 

118.69 

268.26 

29.26i  .162 

20 

77.4 

.94 

77.03 

342.78 

103.78 

2.14in. 

257.08 

18.08 

.098 

30 

C9.8 

.72 

71.63 

318.79 

79.79 

1.00 

239.00 

0. 

.043 

40 

56.5 

.45 

64.39 

280.53 

47.53 

.33 

214.90 

—  21.10 

.013 

50 

41.7 

.26 

55.73 

248.00 

9.00 

.065 

186.00 

—  53.00 

.0053* 

GO 

30.2 

.17 

46.36 

206.30 

-32.70 

.008 

154.73 

—  84.27j  .002 

70 

16.0 

.09 

38.61 

171.81 

—67.19 

128.86 

— 110.  Uj.  0013 

80 

0.8 

.00 

34.95 

155.52 

—83.48 

116.64 

—122. 36 1. 0010 

90 

2.3 

.05 

33.83 

150.54 

—88.46 

112.91 

—126.09  .0008 

The  results  exhibited  in  the  above  table  and  diagram  may 
appear  excessive ;  but  care  has  been  exercised  to  exclude  all 

»3  Vapor-tension  below  0.013,  in  the  last  column,  is  estimated. 
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possible  sources  of  error  in  the  data  employed.  The  allowance 
for  loss  through  direct  reflection  will  probably  be  accepted  without 
question.  This  will  reduce  the  diiference  between  polar  and 
equatorial  temperature  from  212°  to  159°.  It  may  be  observed 
that  CroU  has,  by  an  independent  but  probably  less  reliable 
method  (indeed  it  is  little  more  than  an  estimate),  calculated  that 
the  difference  in  temperature  of  equator  and  poles  would  equal 
218'',  if  the  distribution  of  heat  were  stopped.^^  Principal  Forbes' 
often-quoted  paper  on  the  temperature  of  a  globe  all  sea  or  all 
land,  published  in  the  Transactions  of  the  Royal  Society  of  Edin- 
burgh, will  be  remembered  in  this  connection.  It  has  not  been 
seen  by  the  writer. 

There  are  two  causes  which  may  affect  the  correctness  of  the 
figures  as  obtained  :  (1)  Conduction  of  equatorial  heat  toward  the 
poles  might  exercise  a  slight  distributing  effect.  This  element  has 
not  been  duly  inA^estigated,  owing  to  lack  of  data.  (2)  It  is  the 
general  opinion  among  physicists  that  the  accepted  determination 
of  the  temperature  of  space  is  too  high.  If  this  is  the  case  the  dif- 
ference in  temperature  between  equator  and  poles  indicated  in  the 
table  is  too  small ;  and  the  probability  that  it  is  furnishes  addi- 
tional reason  for  believing  that  the  above  figures  are  not  excessive. 

It  has  already  been  suggested  (Section  II,  2)  that  if  the  globe 
"were  encrusted  with  ice,  it  is  extremely  doubtful  whether  the 
crust  would  ever  be  removed  by  the  action  of  solar  and  stellar 
heat.  Inspection  of  the  diagram  will  show  that  the  lowest  temper- 
ature-curve is  far  below  the  freezing-point  for  nearly  all  of  its 
length,  and  rises  above  it  at  the  equator  by  only  a  single  degree. 
The  question  of  melting  hinges  on  that  of  the  formation  of  vapor 
to  store  up  and  render  efficient  the  solar  energy ;  but,  as  already 
shown,  very  little  vapor  could  exist  above  the  ice-field  —  perhaps  not 
enough  to  cause  melting  to  take  place. 

2.  Ti:mi'i:katukk  when  stoppage  of  circulation  extends  to 
any  latitude. 

Probable  equatorial  limit  of  polar  ice-cap. — It  is  manifest  from 
an  inspection  of  diagrams  II  or  J II  that  a  diininution  of  polar 
temperature  will,  ]>y  interfering  with  heat-distributing  agencies, 
cauHc  an  increase  in  equatorial  temperature.  Consequently,  an  ice- 
Bheet  pushing  out  from  the  pole  will  meet  not  only  with  the  simple 

»♦  "  Climate  nnd  Time,"  p.  42. 
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resistance  due  to  the  normal  increase  of  temperature,  but  also  that 
due  to  the  additional  increase  occasioned  by  its  own  presence.  It  is 
manifest,  moreover,  that,  without  the  margin  of  the  ice,  the  tem- 
perature and  atmospheric  conditions  would  be  approximately  the 
same  as  at  present,  and  the  solar  heat,  instead  of  being  discharged 
into  space,  would  be  stored  up  more  effectivelj^  than  to-day.  It  is 
accordingly  doubtful  whether,  under  existing  meteorological  con- 
ditions, an  ice-sheet  could  ever  approach  within  a  considerable 
distance  from  the  equator  —  probably  not  nearer  than  about  lati- 
tude 37°,  where  the  undiminished  temperature-curve  crosses  the 
curve  of  present  temperature.  Glaciers  nearer  the  equator  prob- 
ably owe  their  origin  to  local  causes ;  for,  unless  an  extensive 
ice-field  is  assumed,  the  rapid  loss  of  heat  necessary  to  prevent 
melting  near  the  equator,  could  not  take  place. 

Equatorial  temperature. — While  any  diminution  of  polar  tem- 
perature w411  augment  equatorial  temperature,  the  increase  at  the 
equator  will  be  less  than  the  decrease  at  the  poles.  This  necessity 
was  recognized  by  Forbes,  and  also  by  Croll,  who  explained  it  by 
considering  that  the  warm  currents  from  the  tropics  had  to  warm 
temperate  as  well  as  polar  zones. It  will  be  shown  in  the  suc- 
ceeding section,  however,  that  the  result  is  but  a  manifestation  of 
what  apt^ears  to  be  a  general  law,  the  nature  of  w4iich  is  perhaps 
not  thoroughly  understood,  but  which  may  be  stated  as  follows  :  — 
any  cause  which  increases  the  diurnal  or  annual  thermometrical 
range  over  any  region,  diminishes  the  mean  temperature  of  the  region. 
The  greater  decrease  at  the  pole  is  hence  due  (in  part,  at  least)  to 
the  greater  annual  thermometrical  range  there. 

Dr.  Croll  assumed  (arbitrarily)  that  a  rise  of  1°  at  the  equator 
corresponded  with  a  decrease  of  1.5°  at  the  poles  ;  but  inspection  of 
either  of  the  diagrams  last  mentioned,  or  of  table  IV,  will  show 
that  the  simple  stoppage  of  heat-distributing  agencies  would 
elevate  the  temperature  of  the  equator  43.97°,  while  it  would 
lower  that  of  the  pole  90.76°.  The  ratio  is  thus  approximately  as 
1  :  2.  But  this  ratio  represents  the  rise  at  the  equator  when  both 
hemispheres  alike  cease  to  transfer  heat  toward  the  poles  ;  and  it 
would  be  much  less  if  circulation  were  stopped  on  but  one  hemi- 
sphere. It  may  be  assumed  that  in  such  a  case  the  ratio  would 
be  as  1  :  4.  Then,  when  an  ice-cap  extended  to  any  higher  latitude, 
the  rise  at  the  equator  would  be  still  less,  as  the  excess  of  heat  would 

»6  Jbid.,  p.  42. 
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be  distributed  over  the  whole  zone  between  the  equator  and  the 
margin  of  the  ice.  It  is  probable  that  the  ratio  would  thus  be 
diminished  as  the  area  covered  by  the  ice-field.  Therefore,  when 
the  margin  of  the  ice  was  at  any  latitude  above  the  equator,  the 
ratio,  instead  of  being  as  1:4,  would  be  as  (1  X  "I-)  :  4,  where  a 
represents  the  area  of  the  hemisphere,  and  z  that  of  the  zone 
bounded  by  the  higher  latitude.  From  this  expression  the  follow- 
ing table  V  has  been  computed. 

TABLE  V. 

llise  of  temperature  at  Equator  for  each  degree  of  diminution  at  the  Pole, 


Latitude  of 
margin  of  ice. 

Kise  at  Equator. 

Latitude  of 
margin  of  ice. 

Rise  at  Equator. 

0" 

0.250' 

50 

0.058' 

10 

.207 

GO 

.0;53 

20 

.1G4 

70 

.015 

30 

.125 

80 

.004 

40 

.089 

90 

.0 

Temperature  at  higher  latitudes. — It  has  been  pointed  out  that 
the  rise  of  equatorial  temperature,  in  consequence  of  depression  at 
the  pole,  would  be  approximately  the  same  over  the  whole  of  the 
zone  from  the  equator  to  the  margin  of  the  ice.  Hence  table  V 
furnishes  a  basis  for  calculating  the  temperature  of  the  whole 
hemisphere  when  the  ice  extends  to  any  latitude.  Table  VI  has 
been  calculated  accordingl3^  The  temperatures  outside  of  the  ice- 
field were  obtained  by  the  formula  90c -j-p,  in  which  c  is  the 
coefficient  of  rise  given  in  table  V,  and  p  the  present  temperature  ; 
those  in  the  ice-covered  zone  are  the  lowest  values  in  table  IV; 
and  those  at  the  margin  of  the  ice-sheet  are  assumed  to  be  a  mean 
between  the  two.  For  it  is  ol)vious  that  the  temperature  cannot 
pass  directly  from  the  one  extreme  to  the  other  ;  there  must  be  a 
zone  of  intermediate  temperature;  and  it  is  within  the  polar 
portion  of  this  zone  tijat  tiie  ice  of  a  glacial  epoch  is  formed.  It  is 
assumed,  however,  that  neitlier  the  ice-covered  nor  the  iccless  zone 
affects  tlje  otlier  for  more  than  ten  degrees  from  their  junction, 
i.  c,  tlie  margin  of  the  ice-field.  It  was  shown  in  Part  I  that  in 
order  for  any  nqueous  v;ipor  to  Ix;  cai-i'ied  ten  degrees  upon  any 
condenser  it  would  have  to  be  borne  inward  at  the  rate  of  twenty 
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miles  per  hour  for  thirty-five  hours  ;  and  it  was  also  shown  that  if 
such  a  thing  occurred  it  would  be  fatal  to  the  integrity  of  the  ice- 
slieet.  Moreover,  it  has  been  sufficiently  shown  in  section  1  of 
this  Part  that  dry  air  will  not  convey  heat  so  effectively  as  to 
affect  materially  the  temperature  700  miles  from  the  heat-source. 
It  is  possible,  though,  that  the  ice  would  afi'ect  the  temperature  to 
a  greater  distance  on  the  equatorial  side. 

The  broken  lines  in  diagram  III  represent  graphically  the 
temperatures  when  the  ice  extends  to  latitudes  20°,  40°  and  60** 
respectively. 

TABLE  VI. 

Temperature  of  Hemisphere  when  ice  extends  to  any  Latitude. 

Ma,-<rin  TEMPKRATUKE  AT  THE  VARIOUS  LATITUDES. 


or 

Ice- sheet. 

o» 

10° 

20° 

30" 

40° 

50' 

60° 

70° 

80° 

10° 

-f98.33° 

-f63.99° 

-1-18.08° 

0.' 

—24.10" 

-53.0(f 

—84.27° 

—110.14° 

—122.36' 

20 

94.46 

94.66 

E5.12 

0. 

24.10 

53.00 

84.27 

110.14 

122.36 

30 

90.95 

91.15 

88.65 

-HO.  52 

24.10 

53.00 

84.27 

110.14 

122.36 

40 

87.71 

87.91 

85.41 

77.81 

-1-20.20 

53.00 

84.27 

110.14 

122.36 

50 

84,92 

85.12 

82.62 

75.02 

61.72 

3.04 

84.27 

110.14 

122.36 

60 

82.67 

82.87 

80.37 

72.77 

59.47 

-H4.67 

25.55 

110.14 

122.36 

70 

81.05 

81.25 

78.75 

71.15 

57.85 

43.05 

-j-31.55 

46.40 

122.36 

80 

80.06 

80.26 

77.76 

70.16 

56.86 

42.06 

30.56 

+16.36 

57.60 

0  3.  ANNUAL  VARIATIONS  IN  SOLAR  INTENSITY. 

Extent  of  variation. — Hitherto  only  mean  temperatures  and 
solar  intensities  have  been  dealt  with  ;  and  it  might  with  apparent 
reason  be  objected  that  the  great  annual  variations  in  the  sun's 
intensity  vitiate  the  results  stated  ;  for,  as  shown  by  Meech,  the 
solar  intensity  is  actually  considerably  greater  over  the  frigid 
zones  during  summer  than  it  ever  is  at  the  equator.  The  accom- 
panying double  table  (VII)  has  been  calculated  in  such  a  manner 
as  to  render  these  variations  apparent ;  and  the  computed  values 
are  graphically  depicted  in  diagram  IV,  in  which,  let  it  be  ob- 
served, the  scale  of  abscissae  is  only  one-half  that  employed  in  the 
other  diagrams.  The  first  column  in  the  table  exhibits  the  heat- 
units  as  determined  by  Meech  (p.  18  of  the  memoir  cited  above), 
for  June  loth  and  December  13th,  the  second  the  equivalent  in 
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degrees  Fahrenheit,  and  the  third  the  absohite  temperature,  cal- 
culated as  in  previous  tables.  The  fourth  and  fifth  columns 
represent  the  corresponding  values  if  25  per  cent,  is  allowed  for 
loss.  Obviously  these  temperatures  could  never  obtain;  but  the 
figures  represent  the  temperatures  that  would  obtain  if  directly 
proportional  to  the  accession  of  heat  from  all  sources. 

TABLE  VII. 
Solar  Intemity.  —  June  15  and  December  13. 


SUMMER  EXTREME. 


Latitndes. 

Heat-units 

Undiminished. 

Diminished  by  25  per  cent. 

— Meech. 

Equivalent 
in  °  F. 

Absolute 
temperature. 

Equivalent 
in "  F. 

Absolute 
temperature. 

0* 

72.0 

320.4' 

+81.4" 

240.3' 

+1.3- 

10 

79.6 

354.2 

115.2 

265.6 

2G.6 

20 

85.2 

379.0 

140.0 

284.2 

45.2 

30 

88.4 

393.4 

154.4 

295.0 

56.0 

40 

90.1 

400.9 

101. 9 

300.7 

61.7 

50 

89.9 

400.0 

161.0 

300.0 

61.0 

60 

88.8 

395.1 

156.1 

29G.3 

57.3 

70 

91.7 

408.0 

169.0 

306.0 

C7.0 

80 

9G.1 

427.6 

188.6 

320.7 

81.7 

90 

97.6 

434.3 

195.3 

325.7 

80.7 

WINTER  EXTREME. 

0* 

70.9 

342.2* 

+103.2' 

25G.8' 

+17.8' 

10 

CG.9 

297.7 

58.7 

223.2 

—15.8 

20 

05.4 

24G.5 

7.5 

184.8 

64.2 

30 

4.'5.0 

191.3 

—47.7 

113.4 

95.6 

40 

30.3 

131.8 

lot. 2 

101.4 

l:]7.9 

r>o 

10.3 

72.5 

100.5 

54.5 

181.5 

4.9 

21.8 

217.2 

10.4 

222.6 

70 

0. 

0. 

2;{;t.o  30 

0. 

239.0 M 

80 

0. 

0. 

2:^9.0 

0. 

239.0 

00 

0. 

0. 

239.0 

0. 

239.0 

»•  Teiii])eratui  c  of  Bpaco. 


BY  W.  J.  MCGEE. 


473 


Effect  of  variation. — "  The  total  amouut  of  solar  heat  received 
by  the  earth  in  a  year,  if  distributed  uniformly  over  the  earth's 
surface,  would  be  sufficient  to  liquef}^  a  layer  of  ice  100  feet  thick, 
and  covering  the  whole  earth ; "  ^7  but  forty  per  cent,  of  this 
amount  is  cut  off  by  atmospheric  absorption.  The  heat  received 
by  the  frigid  zones  in  a  year  is  to  the  amount  received  by  the 
whole  earth  during  the  same  period  as  5.45  to  9.83,  according  to 
Meech.^s  Diminishing  100  feet  by  40  per  cent  and  by  g-^,  we  find 
that  but  33.26  feet  could  be  melted  from  the  polar  zone  in  a  yea.r\ 
provided  all  the  solar  heat  were  utilized,  or  only  24.95  feet,  if  25 
per  cent,  be  allowed  for  loss.  Each  square  foot  of  surface  would 
therefore  receive  about  205,400  units  of  heat. 

Now  ice  is  a  conductor  of  heat,  though  an  imperfect  one  ;  and, 
as  will  be  shown  in  Part  III,  each  particle  of  ice  on  being  raised 
to  the  melting-point,  suddenly  absorbs  a  large  quantity  of  heat, 
before  falling  into  water.  It  may  accordingly  be  doubted  whether 
melting  would  begin  at  the  surface  until  the  subjacent  ice  had  been 
raised  about  to  the  melting-point,  to  a  depth  of  probably  twenty 
or  thirty  feet,  and  certainl}''  not  less  than  ten  feet.  But  to  elevate 
a  column  of  ice  20  feet  in  height  from  —  239°  to  the  melting-point 
would  require  the  expenditure  of  311,650  heat-units  per  square 
foot  of  surface  ;  and  if  the  column  were  30  feet  high,  it  would 
absorb  considerably  more  than  twice  the  total  annual  acce&sion  of 
solar  energy.  Besides,  the  supply  is  not  constant  and  uninter- 
rupted for  an}'  considerable  period  ;  throughout  a  great  portion  of 
the  half-year,  during  which  the  frigid  zone  receives  heat  from  the 
sun,  the  supply  is  intermittent;  and  what  is  received  during  the 
day  is  dissipated  during  the  night.  Even  if  the  ice  were  raised  to 
32°  for  only  ten  feet  beneath  the  surface,  it  may  be  questioned 
whether  the  slightest  melting  would  ever  take  place.  The  annual 
range  in  solar  intensity  may  therefore  be  safely  disregarded. 

As  a  check  on  the  above  calculation,  we  have  the  testimony  of 
explorers  of  polar  regions,  who  find  that  the  polar  ice  is  not  only 
not  removed,  but  is  apparently  but  little  affected  by  the  heat  of 
summer.  Even  on  Great  Bear  Lake,  which  is  mostl}'  within  the 
north-temperate  zone,  and  is  surrounded  by  lands  sufficiently 
moist,  and  protected  from  chill  by  an  atmosphere  sufficiently 
humid,  to  nourish  tolerably  luxuriant  vcijctation,  the  ice  is  not 
melted  until  the  end  of  summer. 

s^Tyndall,  '*  Heat  as  a  mode  of  motion,"  p.  443.  The  calculation  has  been  verified  by 
che  writer. 

*8  "Kelative  Intensity  of  the  Heat  and  Light  of  the  Sun,"  p.  35. 
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Conclusion. 

The  tables  and  diagrams  of  this  section  exhibit  very  clearl}^  the 
principles  which  it  is  the  object  of  this  paper  to  ekicidate,  viz. :  that 
to  whatever  latitude  a  polar  ice-field  may  extend,  precipitation 
can  take  place  only  along  its  outer  margin  ;  and  that  the  tenii^er- 
ature  of  its  central  portions  must  sink  too  low  to  sustain  ap[)rc- 
ciable  quantities  of  aqueous  vapor.  They  corroborate  the 
statements  made  in  Part  J  in  regard  to  the  atmospheric  conditions 
produced  by  any  vast  condenser. 

SEC.  III.  EVIDENCE  THAT  THE  FOREGOING  CONCLUSIONS 
ARE  LEGITIMATE  AND  REASONABLE. 

1.  Heat-distributing  agencies  are  least  efficient  vthen  the 
atmosphere  is  cold  and  dry. 

Effect  of  diminution  of  temperature. — Professor  W.  II.  "Dove's 
invaluable  work  on  the  "  Distribution  of  heat  over  the  surface  of 
the  Earth  "^9  summarizes  the  results  of  a  vast  number  of  observ- 
ations on  terrestrial  temperature,  at  many  stations  ;  and  it  is  3'et 
the  standard  authority  on  the  subject.  The  "  normal  temperature" 
of  each  tenth  parallel  from  the  equator  to  N.  lat.  70°  was  deter- 
mined by  taking  the  mean  of  a  series  of  observations  at  thirty-six 
equidistant  points  on  each ;  and  from  the  figures  so  obtained,  the 
temperatures  at  N.  lat.  80°  and  at  the  pole,  were  found  b}'  con- 
struction.'*^  Table  II  (in  Section  II)  exhibits  the  temperatures 
thus  obtained.  It  shows  that  the  mean  range  of  temperature  from 
equator  to  pole  is  77.4°  F.— from  +79.7°  to  +2.3°. 

3»  "  Die  Verln  eitniig  dcr  Wiirme  auf  dcr  Obciflaclic  dcr  Erde.  Mit  7  chavteii  und 
2  Tempeiiitui-TMlelii."    Iferlin,  1852. 

<"Aur  dcii  zwOIC  Chaitoii  dcr  MonntsisoUiermcn  hahc  icli  von  10"  zti  1(P  Liinf?;! 
zwix'lifii  <l<;n  1h<. ilioimcn  KnipliiHcli  (iir  die  rantllcjlkieisc  0.  10. '20.  .JO.  40.  m.m.(^.:^.  70 
iiit(;ri»r)lirt  iind  auf  diese  Wcise  I'iir  jeden  dcr  aiigcfiiluteii  I'arallolUn'ise  die  Tom- 
]icr;itiir  von  ;5(i  gicicli  wcit  von  eiiiaiider  nhslchondcn  runklcn  crliaitcn.  Das  Millcl 
iniHfluj.^cn  ."JOZahlcn  noinif;  icli  d:o  normnle  Tcmpc.rutiir  dcH  Parallels,  d.  li.  die,  welcho 
er  an  alien  I'linkten  zoiuen  wiirde,  wciin  die  an!  ilnn  wirklich  vorliandene  alicr  ver- 
Bcliiedcn  vertlieiUe  Tcniporatur  aul  ilini  gleiclilorniiK  verUicilt  w  are.  KUr  den  I'arallel 
60*  und  den  Tol  wni-do  Kie  anf  lolgtMnle  WeiHe  erliall(;n.  Ich  theiltc  die  I'olar-projcition 
dcr  Erric  in  vicr  gleiehHeitiKC  spliiiriBche  Dreicckc  tinrl  beHtininite  iniierhall)  jcdes 
derHidixM)  die  inittleie  WUi  ineahnalnne  von  0°  biHTO"  Hieifo.  Die  'i'cniperatiiral)iialinie 
in  den  heidiMi  einander  Kcg(!nlil»fM  l:(!Kendon  Drciijeken  wni  rh!  nun  als  Ortliniileii  I  iir 
cine  WiWAHri'.  anl-j'-l-rapen.  wc1c-1m;  der  <lie  Ixiiden  l)r(!;(!c,ke  als  Loth  linli)ireu(l(!  Mend- 
inn  u.ir.  f)er  roll.'iK  in  der  Mitl.c  »iicKer  Abscif-Hc.  Anl.ing  nnd  KndpnnkI,  (hdisclhcn 
im  A(  «in;itor.  Dadur'-li  <;i  iii«;lt  ii-|i  l  iir  die  bciden  1  )rci(!'-,ksi)aare  zwci  eonc.ave  (Jurvcn, 
wel<  lM-n  bciden<laHniil,tlere.Slil<-,k  (HO"  —  !)0' hO' )  fehlK!,  dn;  He'i  ai)er  d«;r  Natnr  der 
buelie  narh  in  <icr  niiUltt.tcn  diirch  W  K«;l'ti"<Jo  Ordinate  Bclinciden  muHbtcii.  VVuldt 
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Now  if  the  heat-distributing  agencies  are  as  efficient  in  equal- 
izing the  temperature  of  the  globe  in  winter  as  in  summer,  the 
winter  range  of  temperature  from  equator  to  pole  will  not  be  very 
much  greater  than  the  summer  range.  On  the  other  hand,  the 
considerations  detailed  in  section  I  enable  us  to  predict  a  consid- 
erably greater  range  in  winter.  The  accompanying  table  VIII 
shows  the  mean  January  and  July  temperatures  at  each  of  the 
several  parallels  as  determined  by  Dove,^i  and  also  the  thermo- 
nietrical  range  (from  equator  to  pole)  for  each  of  these  months. 
The  table  is  graphically  depicted  in  diagram  V,  into  which  the 
mean  annual  temperature  is  also  introduced  for  comparison. 

As  indicated  b}^  the  physical  laws  already  referred  to,  the  ther- 
mometrical  range  is  much  greatest  in  winter,  being  in  fact  2.2 
times  as  great  as  in  summer. 


TABLE  VIII. 

January  and  July  Temperatures  of  the  Northern  Hemisphere, 


January. 

July. 

Latitude. 

K.* 

F.° 

R.' 

r.« 

90» 

—26.0" 

—26.5° 

—  0.6° 

+30. 6» 

80 

23.3 

20.4 

+  0.9 

34.0 

70 

19.5 

11.9 

5.8 

45.0 

GO 

12. G 

-f  3.6 

10.8 

56.3 

50 

5.4 

19.8 

13.6 

62.6 

40 

+  3.7 

40.3 

17.9 

72.3 

30 

11.8 

58.5 

20.6 

78.3 

20 

1G.9 

70.0 

22.1 

81.7 

10 

20.1 

77.2 

21.7 

80.8 

0 

21.1 

79.5 

20.7 

78.6 

Kange. 

47.1 

lOG.O 

21.3 

47.9 

A  part  of  this  difference  in  the  thermometrical  range  for  the  two 

mail  nun  die  Drcicckspaave  so,  dass  die  Temperaturabnahme  in  dem  mogliclist 
verscliieden  ist  von  dem  in  dem  gegeniibeiliegenden  Dreieck,  so  sind  die  uiivei  bunden- 
cn  Sdienkcl  jeder  der  Ijciden  Curven  selir  verscliieden  gegen  die  Abscissenachse 
geneigt.  Dies  combiniit  mit  der  Bedingung  des  Durclisclineidens  beider  in  der 
durcli  den  Pol  gehenden  Ordinate,  cngt  die  Wcit  erfiihrung  der  Curven  in  zienilichenge 
Grenzcn  ein  und  man  erliUlt  auf  diese  Wiese  die  Temperaturen  der  fehlcnden  Brcitcn 
von  80°  und  90°—  Op.  cit.,  p.  13. 
<i  Op.  cit.,  p.  13. 
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seasons  is  undoubtedly  due  to  the  var34ng  position  of  the  hemi- 
sphere with  relation  to  the  sun.  It  is  only  a  part  however.  To 
demonstrate  this,  table  IX  and  diagram  IV  have  been  prepared. 
The  first  column  in  the  table  exhibits  the  mean  July  temperature 
of  the  northern  hemisphere  as  ascertained  by  Dove,  and  the 
second  the  heat-units  received  from  the  sun  on  June  15th,  as 
determined  by  Meech.  The  maxima  and  minima  of  the  solar 
intensity  and  terrestrial  temperature  do  not  correspond  in  time, 
the  latter  being  about  a  month  later  than  the  former.  The  two 
columns  are  therefore  practically  equivalent.  The  third  column 
represents  corresponding  absolute  temperature  in  degrees  Fahren- 
heit, calculated  as  in  table  VII,  and  of  course,  subject  to  the  same 
limitation.  The  fourth  column  exhibits  the  ditference  between 
observed  and  calculated  temperatures,  and  pari  j^cissu,  the  effect 
—  absolute  and  relative  —  of  the  heat-distributing  agencies  in 
equalizing  the  temperature  of  the  northern  hemisphere  in  summer. 
The  remaining  columns  exhibit  similar  values  for  December  13th 
(computed)  and  Januarj^  (observed). 


TABLE  IX. 

Observed  and  computed  July  and  January  Temperaiures  of  the  Northern  Hemisphere. 


1 

6 

Temperature  June  15  (Meech) 
=JULY  (Dove). 

Temperature  Dec.  13  (Meech) 
=  Jan.  (Dove). 

Latitii 

Temper- 
ature 
—Dove. 

Keat- 
units  — 
Meech. 

Corres- 
ponding 
temp. 

Differ- 
ence. 

Temper- 
ature 
—Dove. 

Heat- 
units  — 
Meech. 

Corres- 
ponding 
temp. 

Differ- 
ence. 

90- 

-1-30. 0'F. 

97.6 

4-195. 3»F. 

— 164.6' 

-26.5°F. 

0. 

— 239.*'4" 

-1-212. 5' 

80 

3t.O 

9G.1 

186.6 

—152.6 

20.4 

0. 

239. 

-f-218.0 

70 

4.5.0 

91.7 

179.0 

—133.9 

11.9 

0. 

239. 

-1-227.1 

CO 

5G.3 

88.8 

150.1 

—  99.8 

-1-  3.6 

4.9 

217.2 

-1-220.8 

50 

02. 6 

89.9 

161. 0 

—  98.4 

19.8 

16.3 

166.5 

+18!>.3 

40 

72.3 

90.1 

1G1.9 

—  89.6 

40.3 

30.3 

101.2 

-1-144.5 

30 

78.3 

88.4 

152.2 

—  73.8 

58.5 

43.0 

47.7 

-f-io;;.2 

20 

81.7 

8.5.2 

140.0 

-  58.3 

70.0 

55.4 

+  7.4 

+  62. c 

10 

80.8 

79.0 

115.2 

—  34.4 

77.2 

06.9 

58.7 

-h  18.5 

0 

78.0 

72.0 

81.4 

—  2.8 

79.5 

76.9 

103.2 

—  23.7 

Mean." 

-Hi2.0 

-1-152.9 

—  90.9 

-1-29.0 

—108.3 

—1.37.3 

«'  Temperature  of  Bpacc,  as  determined  by  Ilcrschel  and  Pouillct. 
The  mcuna  arc  arithmetical. 
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In  diagram  IV,  this  table  is  graphically  represented  (by  the 
heavier  lines) — the  vertical  scale  being  only  one-half  that  employed 
in  the  other  diagrams.  The  most  widely  separated  curves  will 
be  seen  to  resemble  those  drawn  by  Meech'^'*  to  represent  the  actual 
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temperature  of  the  earth  for  the  months  mentioned  —  the  effect  of 
heat-distributing  agencies  having  been  overlooked  by  him.  A 

<^  Plate  IV  of  the  memoir  already  cited.  The  ordinates  and  abscissaj  have  not,  ho  . 
ever,  the  same  relative  proportion  as  in  diagram  IV. 
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glance  at  the  diagram  will  show  that  the  solar  intensity  and  terres- 
trial temperature  are  far  from  proportional. 

Now,  if  the  efficiency  of  the  heat-distributing  agencies  were 
constant  in  spite  of  fluctuations  in  temperature  and  humidity,  we 
ought  to  find  the  difference  between  observed  and  computed  tem- 
peratures the  same  in  the  two  opposite  seasons.  In  direct  oppo- 
sition to  this,  but  in  accordance  with  the  physical  laws  heretofore 
alluded  to,  we  find  the  diflTerence  to  be  much  greater  in  winter  than 
in  summer  ;  the  means  being  as  90.9  to  137.3,  indicating  that  the 
equalizing  agencies  are  more  than  1.5  times  as  effective  in  sum- 
mer as  in  winter.  The  relative  areas  enclosed  by  the  upper  and 
lower  pairs  of  curves  in  the  diagram  illustrate  this  relation  very 
clearly.  In  this  case  all  vicious  perturbations  due  to  the  inclina- 
tion of  the  terrestrial  axis  to  the  plane  of  the  ecliptic  are,  of 
course,  eliminated. 

As  shown  by  the  table,  diminishing  the  mean  temperature  of 
the  northern  hemisphere  33°  (from  62°  to  29°)45  reduces  the  effi- 
ciency of  the  temperature-equalizing  agencies  by  one-third.  Now 
assuming  the  efficiency  to  be  reduced  in  the  same  ratio  by  any 
further  diminution  of  temperature,  it  is  manifest  that  when  the 
mean  temperature  falls  to— 38°  (or  100°  below +  62°),  the  effi- 
ciency of  these  agencies  will  be  wholly  destroyed  ;  yet  this  is  but 
little  more  than  half  of  the  diminution  that  would  take  place-,  ac- 
cording to  table  IV,  over  an  extensive  polar  ice-sheet.  Moreover, 
the  ratio  is  probably  not  a  direct  but  a  decreasing  one,  as  the 
vapor-tension  (which  is  an  index  of  the  temperature-equalizing 
capacity,  as  will  be  shown  in  the  following  subtitle)  decreases 
much  more  rapidly  than  the  atmospheric  temperature,  as  exhibited 
in  the  first  table  and  diagram  of  Section  I. 

Effect  of  atmospheric  dryness. — The  largest  and  most  elaborate 
of  Professor  Dove's  charts  (Charte  III)  exhibits  the  monthly  iso- 
therms for  January  and  July  on  the  same  sheet.  A  glance  at  the 
chart  shows  that  these  lines  approach  most  closely  over  humid 
regions,  and  diverge  most  widely  over  arid  areas,  as  in  central 
Asia  and  in  western-central  North  America.  The  same  tendency 
is  equally  manifested  in  the  chart  devoted  to  the  rei)resentation  of 
"Isothermen  von  4  Grad  u.  20  Grad  in  ihrer  jahrlichen  Wander- 
ung." 

♦'^TIioHG  arc  8imi)lcnilttiractical  means  and  arc  lower  Uuin  the  trucineanB  iii  about 
Uic  ratio  of  40:58. 
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Tabic  X  is  taken  from  the  first-named  chart.  It  exhibits  the 
temperature  from  the  equator  to  the  polar  circle  on  two  different 
mei-idians,  viz.,  long.  20°  W.  and  120°  E.  of  Greenwich.  The 
first  of  these  passes  over  the  Atlantic  ocean,  and  the  second  over 
the  arid  plateaus  of  central  Asia.'^s  The  temperatures  recorded 
in  the  table  were,  in  the  greater  number  of  cases,  obtained  by 
interpolation.  To  facilitate  reference  and  verification,  therefore, 
they  are  given  in  the  scale  used  in  the  original  (Reaumur's),  as 
well  as  in  Fahrenheit's.  The  table  is  graphically  depicted  in  dia- 
gram VI,  in  which  the  curve  of  mean  temperature  is  also  repre- 
sented. 

TABLE  X. 


January  and  July  Temperatures  at  Long.  20*  W.  and  120'  E.  of  Greenwich. 


Long.  20"  W. 

Long.  120"  E. 

Latitude. 

January. 

JULY. 

January. 

July. 

R'. 

W. 

F°. 

F". 

Polar  Ki  eis. 

—2.6 

+20.2 

+6.0 

+45.5 

—32.0 

—40.0 

+12.5 

+60.1 

GO' 

+1.8 

3G.0 

11.2 

57.2 

29.3 

34.0 

14.0 

63.5 

40 

lO.G 

55.9 

IG.O 

G8.0 

2.5 

+26.4 

19.3 

75.4 

20 

1G.9 

70.0 

20.0 

77.0 

+12,7 

60.6 

22.0 

81.5 

0 

21.0 

79.2 

20.0 

77.0 

20.0 

77.0 

22.0 

81.5 

Mean. 

53.5 

G5.0 

18.0 

72.4 

Range. 

23.6 

53.0 

14.0 

31.5 

52.0 

117.0 

9.5 

21.4 

Inspection  of  the  table  reveals  the  following  facts  : — 
1.  The  thermometrical  range  from  the  equator  to  the  polar  circle 
is  greater  in  January  than  July  (a)  in  the  ratio  of  53  :  31.5  on  the 
water-meridian,  (6)  in  the  ratio  of  117 :  21.4  on  the  land-meridian, 
and  (c)  in  the  ratio  of  170:52.9  on  both.  Corollary:  Vapor  be- 
ing equally  accessible  (approximately),  the  equalizing  agencies 
are  most  effective  when  the  temperature  is  highest. 

♦sPrincipal  Forbes'  paper  in  the  Trans.  Roy.  Soc.  Edin.  Cvol.  XXII,  p.  75),  in  which 
he  calculated  that  the  equatorial  and  polar  temperature  of  a  globe  all  water  would  be 
71.7°  and  12.5°  respectively,  and  that  of  a  globe  all  land,  109.8°  and  —25.0°  respectively, 
was  based  on  the  temperatures  of  (probably)  these  meridians.  It  has  not  been  seen  by 
the  writer. 
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2.  The  mean  annual  temperature  of  the  water-meridian  is  higher 
than  that  of  the  land-meridian  in  the  ratio  of  59.2  :  45.2.  Corol- 
lary:  Accession  of  heat  being  the  same  (approximate!}^),  the 
temperature  is  highest  where  the  atmosphere  is  most  humid. 

3.  The  water-meridian  is  (a)  warmer  than  the  land-meridian  in 
January  in  the  ratio  of  53.5  : 18,  and  (6)  colder  in  July  in  the 
lesser  ratio  of  72.4:  65.  Corollary :  The  temperature  is  not  only 
higher  but  much  more  equable  where  the  atmosphere  is  humid  than 
where  dry. 

4.  The  difference  between  the  January  and  July  ranges  (which 
is  the  measure  of  the  influence  of  humidity  upon  temperature)  is 
greater  on  the  land-meridian  than  on  the  water-meridian  in  the 
ratio  of  (117— 21.4)  :  (53  — 31.5)  95.6  :  21.5,  or  as  4.45:1. 
Corollary:  In  a  dry  and  hence  cold  atmosphere,  the  temperature 
corresponds  much  more  nearly  with  the  solar  intensity  than  in  a 
humid  and  hence  warm  atmosphere. 

The  difference  in  mean  annual  temperature  of  the  two  meridians 
(59.2°— 45.2° r=14°)  is  partly  due  to  the  influence  of  the  Gulf 
stream  in  elevating  that  of  the  water-meridian,  and  partly  to  the 
greater  dryness  of  the  land-meridian.  For  the  present  it  will  be 
assumed  that  the  two  causes  are  equally  effective.^^  7°  is  therefore 

<^It  is  however  scarcely  possible  that  so  rnuch  of  the  effect  is  clue  to  the  influence  of 
the  Gulf  stream.  Below  are  given  the  July  temperatures  on  the  twentieth  meridian, 
from  0°  to  00°,  as  recorded  in  the  above  table,  and  also  the  July  temperatures  of  the 
northern  hemisphere,  at  the  same  parallels  taken  from  table  VIII.  Though  the  Gulf 
stream  must  be  about  as  effective  in  July  as  at  any  time,  it  will  be  seen  that  the  (arith- 
metical) mean  temperature  of  the  twentieth  meridian  is  actually  2.4°  lower  than  that 
of  the  northern  hemisphere. 

LATITUDES. 
CO* 
40 
20 
0 

Arithmetical  means  G9.8  72.2 

It  might  be  objcc-ti'd  that  the  comparison  of  July  instead  of  annual  temperatures 
docs  not  afford  a  just  criterion  ;  but  it  is  manifest,  in  view  of  the  corollaries  deduced 
from  taldo  X,  that  the  comparison  of  m(;an  annual  temperatures  would  be  at  least 
C'jUi.lly  iinixn  fcct  and  misleading.  It  migiit  more  Batisfac'tory  to  compare  tlio  niciin 
of  llic  J.innaiy  and  Jidy  leniitcraliirctH  on  tlie  Iwenlictli  meridian  wiLli  tiie  mean  anniinl 
temperature  f>f  th(!  soutliern  \n'm\^\>\\v.\v.\  tliough,  for  leasons  given  in  tiie  following 
title,  the  iliffiMerice  in  f  ivor  of  the  single  meridian  must  l)e  considenid  as  inatcriMlly  in 
excchS  of  what  it  Hlioid<l  be.  Such  a  eomi'arison  is  her<!  given,  the  temperature  of  the 
fcouthci'D  hcmisidierc  being  taken  fiom  table  XIV  (an^c;— the  temi)erature  at  lat.  (jO° 


TEMP.  20th  MERIDIAN.  TEMP.  N. 

57.2*  5G.3° 

(58.0  72.S 

77.0  81.7 

77.0  78.6 
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the  monsure  of  the  influence  of  atmospheric  diyness  in  diminishing 
the  mean  annual  temperature.  Xow  this  diminution  of  7°  in 
mean  annual  temperature,  brought  about  by  atmospheric  dryness, 
increases  the  annual  thermometrical  range  (or  at  least  accom- 
panies an  increase  in  range)  from  21.4°  to  95. G°,  or  by  74.2° ;  and 
if  its  influence  increases  in  the  same  ratio  with  farther  diminution 
of  temperature  by  the  same  cause,  when  the  temperature  sank  to 
the  freezing-point  the  range  would  be  amply  sufficient  to  meet  all 
the  requirements  of  the  preceding  sections. 

In  nature  this  cause  operates  conjointly  with  diminution  of 
temperature  produced  by  other  agencies.  The  above  figures  illus- 
trate its  importance,  however. 

Table  XI  exhibits  the  mean  summer  and  winter  temperature  of 
a  small  portion  of  North  America.  It  has  been  taken  from 
another  source,  viz.,  from  an  isothermal  chart  of  the  region  north 
of  the  36Lh  parallel,  compiled  under  the  direction  of  Governor 
Isaac  I.  Stevens.'*^  The  temperatures  were  taken  on  the  100th 
meridian,  and  were  determined,  as  before,  by  interpolation  ;  and 
there  is  some  uncertainty  as  to  the  winter  temperature  of  the  55th 
parallel,  since  no  isotherms  of  lower  temperature  than  0°F.  are  indi- 
cated. The  temperatures  are  graphically  represented  b}'  the  short, 
broken  lines  in  diagram  V.  Let  it  be  observed  that  here  the  mean 
summer  and  mean  ivinter  isotherms  are  placed  in  juxtaposition 
with  the  isotherms  for  July  and  Januar}^ 

Inspection  of  the  table  and  diagram  shows  (1)  that  the  thermo- 
metrical range  is  much  greater  than  the  mean,  (2)  that  the  winter 
range  of  temperature  is  much  greater  than  the  summer  range,  and 
(3)  that  the  mean  temperature  is  considerably  below  the  normal. 
These  facts  support  and  corroborate  the  foregoing  corollaries. 

being  determined  by  construction.  It  will  be  seen  that  the  mean  difference,  which  may 
be  regarded  as  the  measure  of  the  influence  of  the  Gulf  stream,  is  but  3.G°  — only  about 
half  the  amount  allowed  above. 

LATITUDE.  TEMP.  20th  MERIDIAN.  TEMP.  S.  H. 
GO'                                 46.6*  38.0* 
40                                  62.0  54.5 
20                                   "^.5  741 
0                                  78.1  79-7 


Arithmetical  means  65.0  61.4 

It  should  be  borne  in  mind  that  only  a  small  portion  of  that  part  of  the  meridian  un- 
der consideration  is  materially  affected  by  the  Gulf  stream. 

*8'«  Rep.  on  Expl.  and  Surv.  for  a  R.  R.  Route  from  the  Mississippi  to  the  Pacific,** 
vol.  XII,  pt.  I. 

A.  A.  A.  8.  VOL.  XXIX.  31 
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TABLE  XI. 


3rean  Winter  and  Summer  Temperature  of  the  100th  Meridian. 


Latitude. 

Summer. 

Winter. 

65° 

+57.5" 

—  5.0°? 

50 

66.5 

+  8.5 

45 

71.5 

15.0 

40 

74.5 

27.0 

Mean. 

67.5 

11.4 

Range. 

17.0 

32.0 

Conclusion. — The  foregoing  figures  demonstrate  that  the  clima- 
tal  perturbations  pointed  out  in  Section  II,  as  the  necessary  result 
of  the  considerable  extension  of  a  polar  ice-sheet,  do  not  differ  in 
kind,  but  only  in  degree,  from  those  whose  constant  occurrence 
over  the  terrestrial  surface  is  a  matter  of  authoritative  record ; 
and  analogy  with  observed  phenomena  indicates  that  the  calculated 
extent  of  these  vicissitudes  is  in  perfect  harmony  with  the  magni- 
tude of  the  formulated  cause. 

2.    Law  indicated  by  the  preceding  tables. 

Enunciation  of  the  Law. — Though  it  has  not  heretofore  been 
specially  pointed  out,  it  is  very  noticeable  that  when  the  tempera- 
ture curves  in  the  diagrams  diverge,  the  downward  range  is  greater 
than  the  upward  range.  This  is  so  universal,  not  only  in  the 
cases  referred  to  in  this  paper,  but  in  many  others  which  have  been 
investigated  expressl}^  to  determine  whether  the  exhibition  of  the 
tendency  is  constant,  that  it  may  provisionally  be  viewed  as  the 
expression  of  a  law,  which  may  be  stated  as  follows:  —  Any 
increase  in  thermometrical  ranrje  is  accompanied  by  a  diminution  in 
mean  temperature. 

Illustration  of  its  operation. — Table  XII  exhibits  the  effect  of 
tills  tendency  as  illustrated  in  the  foregoing  diagrams  (IV,  V,  and 
VI)  and  the  corresponding  tables  numerically,  and  in  such  form 
as  to  be  .se(!n  at  a  glance.  'J'Ik;  fli'st  liiu;  shows  the  excess  of  mean 
sumuKir  t(;mi>('ratiir(!  on  the  lOOfh  meridian  over  the  mean  July 
temperature;  of  the  northern  hemisphere,  and  the  second  the 
AhiKiliiiic,  (>(■  llic  mean  winter  1,(;nii)(U'atMre  of  the  same  meridian 
below  the  m(!an  .January  temiH-rature  of  the  norlh(;rn  hemi- 
spheie,  as  depicted  in  diagram  V.    The  third  and  fourth  lines 
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represent  the  difference  in  degrees  between  the  homologous  lines 
of  diagram  IV,  and  the  fifth  and  sixth  the  same  for  diagram  VI. 
Below  are  given  the  aggregates,  in  the  seventh  and  eighth  lines, 
and,  finall}^,  the  difference  between  aggregates  {always  in  favor  of 
the  coldest  month),  in  the  ninth  line.  The  means  for  each  diagram 
are  shown  in  the  right-hand  column,  and  are  summed  up  in  the 
aggregates.  In  every  case  the  signs  ^ii^cl  —  refer  to  the  rela- 
tion to  normal  temperature,  and  not  to  the  position  in  the  thermo- 
metrical  scale. 


Mean. 

+120.4 
—228.9 

-108.5 

LATITUDES. 

o 

+58.3° 
—62.6 

+4.5 
—11.0 

+62.8 
—73.6 

—10.8 

b 

CO 

+73.8 
—106.2 

+73.8 
-106.2 

-32.4 

b 

-11.3 

+89.6 
-144.5 

+8.0 
—30.0 

+99.8 
-185.8 

—86.0 

b 

M           CO  ?o 

+  7    ^  s 

+102.4 
-199.6 

—97.2 

b 

CO     CO          «^«  o 

+  7  +1 

+106.0 
-290.8 

CO 

T 

Polar 
circle. 

11        o  o 

I         '.  to 

:  i   +  ? 

+14.5 
—66.0 

—51.5 

b 

b  rH 

CO 

CO  CI 

+ 1 

+133.9  j 
-227.1 

-93.2 

h  o 
ci  CO 

^  0, 

+152.6 
—218.6 

—66.0 

b 

b  in 
ci 

1  1 

+164.6 
—212.5 

-47.1 

Jalirszeit. 

Summer. 
Winter. 

July. 
January. 

July. 
January. 

July. 
January. 

Diagram. 

> 

> 

Aggregate. 

Difference. 
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The  difference  in  aggregates  of  means  (108.5°),  which  repre- 
sents twice  the  mean  diminution  of  temperature  occasioned  by  the 
operation  of  the  law,  is  diminished  (I)  by  comparing  summer  and 
winter  with  July  and  January  temperatures  in  diagram  V,  and  (2) 
by  the  junction  of  the  lower  curve  in  diagram  IV  with  the  tem- 
perature of  space.  To  show  that  this  excess  of  decrease  over 
increase  is  not  due  to  the  employment  of  a  diagram  to  some  extent 
hypothetical,  a  summary  of  the  means  for  the  two  diagrams  based 
upon  actual  observation  is  appended  in  table  XIII.  The  differ- 
ence here  indicated  is  considerably  less  than  it  would  be  if  the 
observations  extended  quite  to  the  poles  instead  of  only  to  the 
polar  circle,  as  the  range  is  greatest  at  the  highest  latitudes. 


TABLE  XIII. 
Excess  of  decrease  over  increase  in  Temperature, 


Diagram. 

Jahrszeit. 

Means. 

V. 

Summer. 
Winter. 

+  3.1« 

—12.3 

VI. 

July. 
January. 

+  8.3 
-44.3 

Aggregate. 

J  uly. 
January. 

+11.4 

-56.6 

Difference. 

 r- 

—45.3 

The  excess  of  decrease  over  increase  at  each  of  the  several 
latitudes  reached  by  the  curves  is  as  follows  : — 


At  the  polar  circle,  51.5° 

"  lat.  00%  63.8 

"    "  50,  9.3 

"        40,  31.1 

"  20,  6.5 


Numerical  expression  of  the  efficieney  of  the  Law. — Wliilc  the 
ratios  of  diminution  of  moan  temperature  to  increase  of  range  do 
not  vary  greatly  in  the  three  cases  tabulated,  that  exhibited  by 
diagram  VI  is  most  rclial^le.    Here  tlic  means  with  tlieir  differ- 
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ence,  the  increase  of  range,  and  the  diminution  of  mean  tempera- 
ture, are  as  follows  : — 


It  would  be  premature  to  say  that  the  diminution  is  the  result  of 
the  increase  of  range,  or  vice  versa.  It  is  sufficient  that  the  fac- 
tors are  reciprocal. 

The  mean  temperature  at  the  several  points  is  about  45°.  The 
increase  of  52.6°  in  range  is  accompanied  b}^  a  diminution  in  mean 
temperature  of  18° ;  and  if  the  ratio  is  the  same  with  farther 
increase  of  range,  the  range  of  212°,  which  would  obtain  if  the 
heat-distributing  agencies  were  eliminated,  would  be  accompanied 
by  a  diminution  in  mean  temperature  of  72.5°.  The  mean  would 
consequently  be  —  27.5°,  instead  of  -f-  45°.  It  is  probable,  how- 
ever, that  the  ratio  is  a  decreasing  one  v/ith  regard  to  the  diminu- 
tion of  temperature.  At  the  best,  the  figures  are  but  a  rude 
approximation  to  the  truth. 

Conclusion. — The  evidence  in  support  of  the  law  above  indi- 
cated seems  sufficient  to  warrant  the  provisional  admission  of  its 
existence.  Its  nature  and  mode  of  operation  are  perhaps  suffi- 
ciently explained  by  the  identity  (in  a  great  measure)  of  the  heat- 
retaining  and  temperature-equalizing  agencies,  preeminently^  aque- 
ous vapor. 

3.    Present  condition  of  the  southern  hemisphere. 

Mean  temperature. — Table  XIV  exhibits  the  mean  annual  tem- 
perature of  the  southern  hemisphere  as  compared  with  that  of  the 
northern.  The  figures  for  the  northern  hemisphere,  and  for  the 
southern  to  lat.  30°,  are  taken  from  Dove's  work  above  cited,  and 
those  for  south  latitude  40°  to  55°  from  a  paper  by  Dr.  Ilann,  in 
the  Zeitschrift  fiir  Meteorologie.^^    The  relation  is  graphically-  rep- 

♦»  "  Ueber  clie  Warmevevtheilung  auf  ilei-  siidl.  Halbkugel."  Op.  cit.,  vol.  VII  (1872), 
p.  2C3.  For  the  use  of  the  above-named  Zeitschrift,  the  writer  is  indebted  to  Dr.  Gus- 
tavus  Hinrichs,  of  the  Iowa  State  University. 


Mean  increase, 
"  decrease, 


8.3° 
44.3 
36.0 
52.6 
18.0 


Difference, 
Increase  of  range, 
Diminution, 
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resented  in  diagram  I,  in  which  the  broken  line  denotes  the  tem- 
perature of  the  southern  hemisphere. 


TABLE  XIV. 

Mean  Temperature  of  Northern  and  Southern  Hemisphere. 


Latitude. 

N.  H. 

S.  H. 

79.7°  F. 

79.7°  F. 

10 

79.9 

77.9 

20 

77.4 

74.1 

30 

69.8 

66.9 

40 

56.5) 

54.5) 

>  =  53.2 

[=52.7 

45 

49.1) 

50.4) 

50 

41.7) 

46.2) 

>=40.2 

[=45.3 

55 

36.0) 

41.7) 

True  mean. 

73.0 

71.8 

It  would  seem  at  the  first  glance  that  the  southern  hemisphere 
furnishes  an  exception  to  the  usual  status  as  illustrated  in  the  last 
section ;  for  while  the  mean  temperature  is  lower  than  that  of  the 
northern  hemisphere  by  1.2°,  as  seen  in  table  XIV,  the  annual 
range  is  less  in  the  ratio  of  2.6  :  9.8,  according  to  Dove.^<^  A  little 
study  will  show,  however,  that  the  present  condition  of  this  hemi- 
sphere is  in  perfect  harmony  with  the  law,  and  serves  as  a  forcible 
illustration  of  its  operation. 

Greater  variability  of  solar  intensity  in  the  Southern  Hemi- 
sphere.— It  may  for  convenience  of  illustration  be  assumed  that 
the  summers  of  the  southern  hemisphere  occur  exactly  in  peri- 
helion. Then,  while  the  mean  accession  of  solar  heat  is  the  same 
on  both  hemispheres,  as  long  ago  demonstrated  by  D'Alembert, 
it  is  manifest  that  the  annual  variation  in  solar  intensity  is  greater 
on  the  southern  hemisphere  than  on  the  northern.  Assuming  the 
mean  distance  of  the  sun  to  be  01,430,000  miles,  and  taking  0.01G8 
as  the  i>resent  eccentricity  of  the  terrestrial  orbit,  the  perihelion 
and  aphelion  distances  are  found  to  be  89,807,000  miles,  and 
92,OG.'i,000  miles,  respectively.  The  solar  intensity  varying  as  the 
square  of  the  distance,  it  will  ])e  to  the  normal  as  0.967 :  1  in 
winter,  an'!  as  1 .0.'M  :  1  in  summer. 

VcrbrdituiiK  <l(:i"  Wurtnc,"  p.  24. 
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Table  XV  has  been  prepared  to  illustrate  the  annual  varia- 
tion in  solar  intensity  over  the  hemisphere  whose  summers  occur 
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iu  perihelion. 


The  mean  winter  and  summer  intensities  are  given 
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in  columns  I  and  VI.  They  were  obtained  as  follows  :  —  On  p.  18 
of  Meech's  memoir,  already  cited,  is  a  table  exhibiting  the  sun*s 
intensity  at  the  various  latitudes  at  intervals  of  fifteen  days. 
Column  I  is  the  mean  (at  each  latitude)  of  the  units  of  intensity 
from  September  29th,  to  March  17th,  inclusive;  and  column  VI 
is  similarly  the  mean  from  April  1st  to  September  14th,  inclusive. 
In  columns  II  and  VII  the  corresponding  temperatures,  calculated 
as  heretofore,  are  exhibited.  Then  in  columns  III  and  VIII,  the 
intensities,  multiplied  by  .967  and  1.034  respective!}',  are  recorded  ; 
and  in  the  next  succeeding  columns  the  corresponding  temperatures 
are  shown.  The  difference  from  the  normal  is  given  in  columns 
V  and  X,  and  the  increase  in  range  in  column  XI.  The  values 
are  graphically  represented  by  the  broken  curves  in  diagram  IV  ;  the 
full  lines  (which  are  the  lowest  for  summer  and  the  highest  for 
winter),  being  normal. 

A  glance  at  the  diagram  will  show  that  the  greater  part  of  the 
increase  of  range  is  upward  —  the  ratio  being  11.3°;  5.4°,  as  indi- 
cated by  the  table  ;  and  it  might  be  objected  that  this  would 
counterbalance  the  operation  of  the  law  stated  above.  The  fact 
should  not  be  overlooked,  however,  that  the  temperature  of  any 
planetary  body  is  as  greatly  dependent  on  the  rate  of  loss  as  of 
accession  of  heat,  as  pointed  out  by  Adhemar ;  and  the  greater 
length  of  the  season  during  which  loss  preponderates  no  doubt 
more  than  compensates  for  the  slightness  of  diminution  of  acces- 
sion in  winter.  The  whole  of  the  computed  increase  in  range  may 
therefore  be  considered  as  tending,  in  conformity  with  the  law,  to 
decrease  the  mean  temperature  ;  and  employing  the  ratio  sug- 
gested by  table  XIII,  we  find  that  the  corresponding  diminution 
is  nearly  G°.  Inspection  of  the  diagram  will  show,  too,  that  the 
mean  increase  of  range  is  greatest  over  those  portions  of  the 
southern  hemisphere  in  which  the  temperature  sinks  lowest  as 
comi)Jir(Ml  with  the  northern  hemisphere,  as  may  be  readily  seen  by 
comparison  with  diagram  II. 

The  foregoing  table  does  not  afford  the  means  of  directlj^  com- 
paring tli(;  condition  of  tiie  soutliern  liemisphere  witli  that  of  the 
rioi  tlicrn  ;  fV>r  luire  tliere  is  a  like  effcict,  and  of  equal  value,  but  in 
tlx;  oi>posit(;  direction.  'I'lu;  annual  variation  in  solar  intensity  is 
benc(;  grcat(;r  in  the  Hontlicrn  licinispluue  than  the  northern  in  the 
ratio  of  1.14:1.  Table  XVI  exhibits  the  increase  in  annual  ther- 
mometrical  range  that  will  obtain  in  the  northern  hemisphere 
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when  its  winters  occur  in  aphelion,  provided  the  increase  is  com- 
mensurate with  the  variation  in  the  solar  intensity,  as  it  probably 
will  be  approximatelj'.  The  July  temperature  above  space  has 
been  multiplied  by  1.068,  and  the  January  temperature  by  .933. 
The  range  is  thereby  nearly  trebled. 


TABLE  XVI. 

Increase  of  range  when  northern  winters  occur  in  aphelion. 


Month. 

Present  temperatuee. 

Temperature 
when  winter  is  in 
aphelion. 

Dif- 
ference. 

Found  by  Dove. 

Above 
space. 

Above 
space. 

Absolute. 

July 
January. 

+17.3=  R. 
7.5 

+70.9°  F. 
48.9 

309.9 

287.9 

331.0° 
268.6 

-j-92.0'' 
29.6 

21.1 
19.3 

Ann.  range. 

22.0 

62.4 

40.4 

The  mean  temperatures  indicated  in  the  above  table  are  repre- 
sented b}^  the  short  horizontal  lines  in  the  upper  left  hand  corner 
of  diagram  III. 

By  means  of  the  ratio  already  emplo3^ed  we  find  the  corres- 
ponding diminution  of  mean  temperature  to  be  14°.  It  is  doubtful, 
however,  whether  the  thermometrical  range  would  increase  in 
direct  proportion  with  the  variation  in  solar  intensity  ;  but  even 
if  only  one-fourth  of  the  above  increase  should  take  place  (and 
this  estimate  is  undoubtedly  too  low),  the  corresponding  diminu- 
tion of  mean  temperature  would  be  nearly  three  times  the  present 
difference  in  temperature  of  the  opposite  hemispheres. 

Conclusion. —  The  foregoing  figures  seem  to  afford  an  adequate 
reason  for  the  present  low  temperature  of  the  southern  hemisphere, 
and  to  show  that  its  condition  is  in  harmony  with  the  principles 
herein  advocated ;  and  it  seems  probable  that  the  diminution  of 
temperature  would  be  y^i  greater  if  the  eff'ect  of  the  solar  inten- 
sity were  not  so  thoroughly  masked  by  the  atmospheric  and 
geographical  conditions  of  that  hemisphere. 

Bearing  on  CrolVs  theory. — The  bearing  of  the  considerations, 
above  detailed,  upon  Dr.  CroU's  justly  celebrated  theory  of  secular 
variations  in  the  earth's  climate,  is  too  obvious  to  require  extended 
comment ;  and,  aside  from  its  relation  to  the  subject  under  discus- 
sion, this  title  is  offered  as  a  contribution  thereto.  [This  phase  of 
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the  subject  has  been  considered  in  a  paper  entitled,  "A  contribu- 
tion to  Dr.  Croll's  Theory  of  Secular  Changes  in  Terrestrial 
Climate,"  read  before  the  Iowa  Academy  of  Sciences  June  25, 
1880,  and  published,  in  very  brief  abstract,  in  the  Proceedings  of 
the  Academy,  vol.  I,  pt.  I,  p.  24  ;  which  paper  was  prepared  after 
the  completion  of  this.  The  effects  of  variations  in  eccentricity  of 
the  terrestrial  orbit  were  there  discussed.] 

SEC.  IV.— THICKNESS  OF  ICE-SHEET  AT  ANY  LATITUDE. 
1.  Estimates  of  thickness. 

First  preliminary  estimate. — It  was  shown  in  Part  I  of  this 
paper  that  the  accumulation  of  glacier  ice  is  dependent  on  pre- 
cipitation ;  and  in  a  general  way  it  may  be  considered  proportional 
therewith.  It  may  also  be  assumed  that  the  precipitation,  and 
hence  of  course  the  accumulation  of  ice,  is  proportional  to  the 
vapor-tension.  If  then  the  thickness  at  any  latitude  is  known, 
that  at  all  other  latitudes  can  be  readily  computed. 

Professor  Dana  has  shown^^  tjj^t  the  thickness  of  the  quaternary 
ice-sheet  over  the  Canadian  highlands  (about  N.  lat.  48°  to  50°) 
must  have  been  at  least  12,000  feet.  As  this  accumulation  took 
place  under  conditions  less  favorable  than  those  considered  in  the 
present  discussion,  it  may  be  assumed  that  a  thickness  of  3  miles 
might  obtain  at  lat.  40°.  The  thickness  at  each  latitude  from 
40°  to  the  pole  would  accordingly  be  as  represented  in  table  XVII. 
The  data  forming  the  basis  of  the  computation  are  derived  from 
sources  previously  enumerated. 


table  xvir. 

Greediest  ihicJcness  of  Ice-field  from  Lat.  40°  to  the  Pole. 


Latitude. 

Tem- 
teuature. 

Vapor- 
tension. 

Thickness 
OF  Ice. 

40" 

4-5(5.5°  F. 

0.457  in. 

3.000  miles. 

41.7 

.204 

1.733 

CO 

30.2 

.108 

1.103 

70 

10. 0 

.000 

.591 

80 

0.8 

.059 

.387 

00 

2.3 

.048 

.315 

Second  jyraliminary  estimate. — It  would  doubtless  be  more  satis- 
fy American  Journal  qf  Science  and  Arts,  March,  1873. 
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factory  to  base  estimates  upon  the  present  accumulation  of  ice 
over  polar  regions,  if  the  quantit}^  were  at  all  clefiuitely  known. 
The  uncertainty  regarding  the  exact  amount  is  so  great,  however, 
especially  in  arctic  regions,  that  any  such  estimate  will  serve  only 
as  a  check  on  that  already  made. 

It  may  be  almost  arbitrarily  assumed  that,  if  the  land  ice  existing 
on  the  zone  bounded  by  the  eightieth  parallel  were  uniformly  dis- 
tributed, it  would  form  a  sheet  fifty  feet  in  thickness.  Now  too 
little  aqueous  vapor  is  convej-ed  into  arctic  regions  to  permit  the 
accumulation  of  sufficient  ice  to  form  an  effective  condenser.  It  is 
probable  that,  in  consequence  of  this  imperfection  of  the  arctic 
condensing  apparatus,  enough  moisture  is  not  congealed,  but 
allowed  to  fall  as  rain  and  thus  to  melt  a  portion  of  the  ice,  to 
reduce  the  accumulation  which  should  take  place  by  fully  two-thirds. 
Were  it  not  for  this  the  accumulation  might  reach  150  feet  on  an 
average,  and  300  feet  near  the  margin.  The  corresponding 
maximum  thickness  when  the  ice  extended  ten  degrees  further 
from  the  pole  would  be  about  400  feet.  These  estimates  enable 
us  to  institute  a  comparison  with  the  antarctic  ice-sheet. 

Only  about  one-seventh  of  the  seventieth  parallel  of  north  latitude 
is  so  free  from  land  as  to  present  no  obstruction  to  the  carrying  in  of 
vapor  from  more  southerly  regions.  In  the  southern  hemisphere, 
on  the  other  hand,  the  whole  parallel  is  practically  open  to  the 
introduction  of  vapor  from  the  adjacent  temperate  zone.  The 
accumulation  here  ought  accordingly  to  be  seven  times  as  great  as 
in  arctic  regions,  or  2,800  feet  near  the  margin.  It  will  probably 
not  be  objected  that  these  estimates  are  too  low,  as  they  have  pur- 
posely been  made  as  large  as  seems  at  all  consistent  with  the 
present  condition  of  polar  regions.  It  has  already  been  shown  that 
the  present  accumulation  in  these  regions  is  probably  about  as 
great  as  ever  can  have  existed. 

Accepting  the  largest  of  these  estimates  as  representing  the 
greatest  possible  thickness  of  the  ice-cap  atlat.  70°,  and  computing 
the  thickness  at  other  latitudes  as  in  table  XVII,  the  respective 
values  are  found  to  be  as  follows : — 


Lat.  40° 

50 

"  60 
"  70 
"  80 
«  90 


14217  feet,  =  2.G93  miles, 
8213     "    ^  1.555 
5226     "    =    .990  " 
2800     "    r=    .530  " 
1835     "    =    .348  " 
1493         =   .283  " 
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The  approximate  correspondence  between  the  two  estimates  is 
apparent. 

Final  esthnate. — It  may  be  assumed  that,  in  a  hemisphere  with 
parallel  isotherms  and  isobars,  all  vapor  is  precipitated  nearer  the 
poles  than  where  it  was  formed.  Two  factors  (perhaps  unequal), 
tending  to  produce  opposite  results  in  the  final  computation,  will 
be  disregarded.  These  factors,  are  (1)  the  elevation  of  tem- 
perature outside  the  ice-field  illustrated  by  table  VI,  and  (2)  the 
less  frequent  saturation  of  the  atmosphere  in  frigid  climates.  As 
shown  by  the  tables  of  Section  II,  wiien  the  ice-sheet  reached 
any  latitude  the  vapor  which  had  previously  been  borne  polar- 
ward  would  be  precipitated  near  the  margin  of  the  sheet, 
mainly  in  the  form  of  snow.  The  precipitation  would  hence  be 
greater  than  the  normal,  at  the  border  of  the  ice,  in  the  ratio  of 
p:p-{-  where  p  denotes  normal  precipitation,  o  area  of  zone 
bounded  by  margin  of  ice,  and  n  area  of  hemisphere.  Table 
XVIII  has  been  computed  in  accordance  with  this  ratio.  It  is 
graphically  depicted  in  diagram  VII,  in  which  the  vertical  scale 
of  the  ice-cap  is  greatly  magnified. 


TABLE  XVIII. 
Maximum  thickness  of  Ice-cap. 


Temper- 

Vapor- 
tension. 

Thickness  or  Ick-cap. 

Latitude. 

ature. 
—  Dove. 

Value  of 

1  n 

Feet. 

Miles. 

lO" 

-1-79. 9°  F. 

1.020  in. 

1.863 

55  871 

10.582 

20 

77.4 

.910 

1.559 

40  753 

8.8.^5 

30 

CO.  8 

.7-28 

1.092 

32  749 

C.20.'5 

40 

50.. -5 

.4r,7 

.020 

18  594 

3.522 

50 

41.7 

.204 

.320 

9  777 

1.8.')2 

CO 

30,2 

.108 

.191 

5  728 

1.0S5 

70 

10.0 

.090 

.095 

2  800 

.5:i0 

80 

C.8 

.or/j 

.0(iO 

1  799 

.nn 

90 

2.3 

.048 

.048 

1  440 

.273 

It  is  almost  n(!<;dl(!S.s  to  reiterate  tlie  j)roposition  Jilre.'uly  de- 
mon.strated,  th.'it  \'apoj-  (;(;iild  not  Ix;  boi  in;  fai'  enough  witliin  tlie 
margin  of  liie  ice  to  nllect  mjiterially  the  al)0ve  r(;Hults,  without 
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seriously  deranging  tlie  sequence  of  phenomena  to  which  the  ice 
owes  its  origin  and  conservation. 


The  suggestion  that  the  property  of  flowing  might  enable  the 
ice  to  assume  a  uniform  deptli  may  be  anticipated  by  mentioning 
that  the  polar  slope  above  given  is  less  than  one-tenth  of  that 
requisite,  according  to  Hopkins'  experiments,  to  produce  the 
slightest  motion. 


Concomitants  of  the  theory. — The  ice-cap  theory  seems  to  have 
been  framed  chiefly  to  account  for  the  equatorial  motion  of  the 
quaternary  glaciers.  Now,  to  be  consistent  with  itself,  the  theory 
requires  that  the  assumed  thickness  of  the  cap  shall  be  sufficient  to 
form  a  slope  down  which  ice  will  flow  by  gravitation  alone. 
Hopkins  found  that  ice  barely  moves  on  a  slope  of  one  degree  ; 
and  there  is  no  evidence  that  existing  glaciers  move  on  a  less 
slope.  To  form  such  a  slope  from  lat.  40°  to  the  pole,  the  polar 
thickness  of  the  ice  would  have  to  be  60  miles — the  twenty 
leagues  "  of  Adhemar.  If,  with  the  same  mean  thickness,  it  ex- 
tended only  to  lat.  45°,  the  content  of  the  cap  would  be  575,000,000 
cubic  miles,  equal  (the  density  of  ice  to  water  being  as  .92  to  1)  to 
529,000,000  cubic  miles  of  water.    But  taking  the  water-area  of 


Diagram  VII. 


2.  Comparison  avith  the  ice-cap  theory. 
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the  globe  at  145,000,000  square  miles,  and  the  mean  depth  at 
12,144  feet,  or  2.3  miles,^^  ^^(j  that  all  the  water  of  the  globe 
amounts  to  only  333,500,000  cubic  miles  or  but  little  more  than 
three-fifths  of  that  required  to  form  the  assumed  ice-cap. 

If  the  above  estimate  seems  too  large,  let  it  be  reduced  by 
seven-eighths,  which  will  bring  it  well  within  the  bounds  prescribed 
by  more  moderate  advocates  of  the  theory  ;  but  even  then  it  is  too 
large  to  be  admissible  ;  for  it  would  require  one-fifth  of  the  water 
of  the  globe  to  form  even  the  smaller  ice-cap.  But  diminishing 
the  water  of  the  globe  by  one-fifth  would  diminish  the  water- 
covered  area  by  a  considerably  larger  fraction  ;  for  the  sea-bottom 
does  not  descend  uniformly  to  the  deeper  abysses.  The  slope  is, 
usually,  gentle  for  a  considerable  distance  from  the  shore,  and  then 
steep  and  precipitous  to  the  abyssal  depths.  Reducing  the  water 
by  one-fifth  would  therefore  probably  reduce  the  area  covered  by 
it  one-third.  Suppose  now  the  ice-cap  to  be  around  the  south 
pole :  The  diminution  caused  by  the  removal  of  so  much  water, 
and  the  farther  diminution  resulting  from  the  displacement  of  the 
earth's  centre  of  gravity,  would  drain  nearly  all  the  water  from 
the  northern  hemisphere.  But  the  consequent  stoppage  of  marine 
circulation  and  of  the  formation  of  aqueous  vapor  would,  as  shown 
in  Section  I,  so  increase  the  diurnal  and  annual  thermometrical 
range  as  to  render  the  hemisphere  uninhabitable  for  existing  or- 
ganisms. 

Relative  mass  of  the  two  ice-caps. — Assuming  the  ice-field  tab- 
ulated above  to  be  of  uniform  thickness  for  five  degrees  on  each 
side  of  each  of  the  parallels  given,  and  to  extend  to  lat.  45°,  its 
mean  depth  would  be  1.356  miles.  Its  mass  would  therefore  be 
only  -J-j  of  the  larger  or  a  little  over  ^  of  the  smaller  of  the  ice- 
caps considered  in  the  preceding  paragraphs.  It  is  the  smaller 
ic(!-cai)  which  is  represented  in  diagram  Vll.  It  should  be  borne 
ill  Miiiid,  too,  that  this  is  the  maximum  synchronous  accumulation 
under  more  favorable  conditions  than  would  be  likely  to  obtain 
in  natnre.  Tiie  consequent  displacement  of  the  earth's  centre 
of  gravity  has  accordingly  not  Ijcen  computed. 

c''  Sir  Wyvillc  Thomson  snys:  "ItBccms  now  to  be  thoroughly  established  by  lines 
ortnihtworthy  Hoiindings  whir.h  liavc  been  run  in  all  directionH,  that  the  average  depth 
of  tlir;  ocean  is  a  little  ov(;r  2.000  rfdhoniH."  American  Jourmd  of  Science,  vol.  XVI, 
(IHTH;.  )).  ;}:j1.  Dr.  Kriitnniel  estiinaleH  the  mean  depth  at  1877  lathoms.  Sec  note  in 
J'opular  Science  Monthly,  vol.  XVI,  Dec.  ia7a,  p.  2H7. 
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CONCLUSION. 

It  seems  quite  safe  to  affirm  that  in  any  extensive  polar  ice-field 
the  thickness  will  decrease  from  near  the  margin  toward  the  pole, 
where  the  attenuation  will  be  greatest.  It  may  accordingly  be 
concluded  that  a  sufficient  accumulation  of  polar  ice  to  displace 
seriously  the  earth's  centre  of  gravit}^  or  influence  the  motion  of 
middle-latitude  glaciers,  never  can  have  taken  place  in  this  hemi- 
sphere. 

PART  III. 

SECT.  I.— THE  NATURE  AND  CAUSE  OF  ICE-MOTION. 
1.  Present  state  of  the  question. 

Properties  of  ice-streams. — The  surface  of  ice-streams  has  been 
found  to  possess  a  slow  differential  motion,  analogous  to  that  of 
rivers.  As  in  rivers  too,  the  motion  is  more  rapid  near  the  surface 
than  near  the  bottom  ;  though  it  does  not  seem  to  have  been  es- 
tablished that  the  decrement  from  the  locus  of  greatest  velocity  to 
that  of  the  least  corresponds  precisely  with  that  of  rivers,  which 
is  represented,  according  to  Humphreys  and  Abbott,  by  a  parabola. 
Ice-streams  also  follow  irregular  and  tortuous  channels,  and  two 
or  more  may  unite  and  become  incorporated  ;  and  moreover,  when 
the  slope  of  the  channel  increases,  the  ice  diminishes  in  depth  and 
increases  in  velocity  just  as  does  the  water  of  rivers.  But  here 
the  analogy  with  rivers  ceases. 

When  a  glacier  terminates  at  the  brink  of  a  precipice,  the  ice 
may  break  off  by  its  own  weight  and  fall  down  in  sections  like  a 
solid,  or  it  may  bend  downward  and  become  drawn  out  into 
stalactite-like  masses,  as  in  Kane's  Northumberland  glacier. 

Properties  of  smaller  ice-masses. — A  bar  or  sheet  of  ice  sup- 
ported at  its  extremities  gradually  bends  downward  by  its  own 
weight ;  and  a  slender  bar  may  be  bent  into  any  form  by  appli- 
cation of  gentle  pressure ;  but  if  the  pressure  is  excessive,  a 
clean  fracture  ensues.  If  the  fractured  surfaces  are  brought  into 
contact,  they  re-unite  ;  and  if  firmly  pressed  together,  the  union 
becomes  strong.  When  subjected  to  great  pressure,  ice  may  be 
moulded  into  any  shape,  or  even  forced  through  a  small  aperture 
in  the  form  of  a  slender  rod ;  and,  as  shown  by  Bianconi's  exper- 
iments, when  a  pebble  or  a  plate  of  iron  is  forced  into  its  surface, 
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the  ice  rises  all  around  precisely  as  in  the  case  of  pitch,  or  oil, 
or  even  water,  but  the  motioti  is  very  much  slower. 

Theories  of  ice-motion. — Lack  of  space  will  prevent  the  discus- 
sion of  the  several  theories  which  have  been  framed  to  explain 
ice-motion.  The  "viscous  theory"  is  that  provisionally  adopted  ; 
and  some  of  the  objections  thereto  will  be  noticed  in  the  following 
pages. 

2.  The  viscous  theory. 

Difficulties  of  the  theory. —  More  than  a  hundred  years  ago, 
Bordier  suggested  that  the  ice  of  glaciers  moves  forward  in  conse- 
quence of  plasticity  or  semi-fluidity  of  the  ice.  Nearly  forty 
years  ago  the  same  idea  was  more  fully  developed  by  Rendu  ;  and 
shortly  after  the  viscous  theory  proper  was  enunciated  by  Princi- 
pal Forbes.  This  theory  has  been  almost  generally  rejected,  not 
because  it  fails  to  explain  glacier  or  ice-motion  in  all  its  phases, 
but  apparently  because  it  seems,  at  a  casual  glance,  to  be  contra- 
dicted by  our  ordinary  experience  of  ice. 

Thus,  ice  is  apparently  perfectly  rigid  in  its  normal  condition, 
and  so  brittle,  as  shown  by  Tyndall,  that  a  slight  blow,  if  properly 
directed,  will  split  open  a  block  ten  or  fifteen  cubic  feet  in  volume. 
Moreover,  while  the  rate  of  glacier-motion  is  found  to  vary  with 
the  temperature  (in  consequence  of  which  Principal  Forbes  was 
led  to  suggest  that  ice  is  more  viscous  and  yielding  when  mixed 
with  water  than  when  wholly  unmelted),  small  masses  of  ice  are 
found,  when  experimented  with,  to  pass  at  once  from  the  solid  to 
the  liquid  state  without  any  intermediate  viscous  stage.  An  effort 
will  be  made  to  show  that  these  difficulties  are  only  superficial. 

Rigidity  and  brittleness  of  ice. — The  rigidity  of  ice  is  only  ap- 
parent ;  for  it  has  been  shown  repeatedly  that  when  ice  is  sub- 
jected to  pressure  it  invariably  yields  without  visible  fracture. 

Its  brittleness  is  due  to  its  peculiar  molecular  arrangement,  and 
does  not  in  any  way  militate  against  the  viscous  theory  of  ice- 
motion.  In  nearly  every  case  of  fracture,  it  can  be  shown  that  the 
disruption  took  place  along  lines  or  planes  of  tension  initiated  by 
the  blow  or  other  application  of  force  producing  the  fracture. 
The  effect  of  tension  may  therefore  be  considered,  bearing  in  mind 
the  fact  that  in  ice  at  32",  which  contains  no  portion  of  its  latent 
heat  (tlic  necessity  for  this  proviso  will  be  developed  later),  each 
and  cvciy  crystal  is  at  its  greatest  possible  size.  Any  further 
diminution  of  temperature  will  diminish  the  size  of  each  crystal. 
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Owing  to  the  greater  density  of  water  than  ice,  ice  may  be 
melted  by  pressure.  It  will  be  shown  a  page  or  two  hence  that 
a  given  pressure  is  not  only  the  mechanical  equivalent  of  a 
measurable  quantity  of  heat,  but  that  its  s.pecific  effect  upon  the 
molecules  of  ice  is  precisely  similar.  Conversely,  tension  lowers 
the  temperature  of  ice,  and  thus  diminishes  the  size  of  its  crystals  ; 
and  the  diminution  may  occur  so  rapidly  that  there  is  not  sufficient 
time  for  the  distribution  of  the  strain,  and  hence  fracture  flies  along 
the  line  of  tension,  perhaps  with  explosive  rapidity  and  violence. 
If  from  an}^  cause  the  ice  is  already  in  tension,  a  slight  expenditure 
of  force  may  lead  to  extraordinary  results,  as  when  on  a  cold,  still 
night  the  steel  runner  of  a  boy's  skate  initiates  a  fracture  miles  in 
length  in  the  ice  bridging  a  river. 

If  a  plane  of  low  temperature  could  be  projected  rapidly  (but 
not  instantaneously)  through  a  block  of  ice,  fracture  wt)uld  be 
likely  to  take  place  along  the  plane,  even  if  no  other  mechanical 
force  were  exercised.  In  case  of  a  blow,  disruption  is  the 
conjoint  result  of  the  propagation  of  such  a  plane  and  of  the 
simple  tension  acting  as  in  other  bodies. 

Molecular  effect  of  heat  upon  ice.  —  The  least  possible  number  of 
molecules  of  H2O  that  can  be  so  grouped  together  as  to  form  not 
water  but  ice,  may  be  denominated  a  crj^stal  when  frozen,  and  a 
droplet  when  melted.  To  elevate  the  temperature  of  such  a  crys- 
tal one  degree  requires  the  expenditure  of  one  unit  of  heat ;  but  to 
melt  it,  when  at  32°,  requires  the  expenditure  of  143  units  of  heat. 
Now  what  becomes  of  the  heat  so  expended  ?  Professor  Tyndall 
tells  us  that  it  is  employed  in  pulling  the  molecules  asunder ;  or 
in  other  words,  in  diminishing  their  mutual  attraction.  Now  if 
this  is  true  of  an  isolated  crystal,  we  must  conclude  that  the 
rigidity  of  the  crystal  diminishes  with  the  accession  of  heat,  just 
as  the  rigidity  of  iron,  or  copper,  or  tallow  does  —  though  in  these 
bodies  the  heat  does  not  become  latent.  It  would  seem  that  in 
ice  the  heat  is  spent  in  changing  the  direction  of  motion,  instead 
of  only  the  velocit}^,  as  in  other  bodies  ;  and  that  the  ice,  being  in 
unstable  equilibrium,  greedily  absorbs  all  accessible  heat,  and 
employs  it  in  that  particular  capacity.  It  is  not  therefore  allowed 
to  become  sensible.  We  shall  see  that  an  effect  of  this  change  in 
the  direction  of  motion  is  to  diminish  the  size  of  the  cr3^stal. 

Similarly  with  the  isolated  cr3'stal,  if  we  could  equally  apply 
heat  to  every  crystal  in  a  block  of  ice  or  in  a  glacier,  it  would 
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seem  to  necessarily  follow  that  rigidity  would  gradually  diminish 
and  plasticity  or  viscosity  supervene — that  the  melting  should  be 
gradual  as  in  other  solids.  The  natural  objection  to  such  a  con- 
clusion, and  that  usually  considered  fatal  to  it,  is  this :  practically 
a  block  of  ice  does  not  thus  become  plastic ;  when  experimented 
with  it  is  alwaj^s  either  rigid  ice  or  mobile  water;  and  the  trans- 
formation from  the  one  to  the  other  is  instantaneous,  as  beau- 
tifully illustrated  by  the  sudden  appearance  of  the  liquid  stars  in 
ice  subjected  to  pressure.  A  competent  answer  to  this  objection 
was  suggested  by  the  interesting  experiments  w'lih  floating  mag- 
nets, conducted  by  Professor  A.  M.  Mayer,  over  a  3'ear  ago.  It 
is  simply  this :  In  practice  the  crystals  are  not  equally  heated. 
How  unequal  heating  of  the  crystals  prevents  plasticity  from 
accompanying  the  absorption  of  heat  may  be  made  clear  by  a 
study  oC  the  behavior  of  a  single  crystal  in  a  block  of  ice  exposed 
to  the  action  of  heat.  Professor  Mayer's  diagrams,  two  of  which 
are  reproduced  in  figure  2,^^  will  aid  us  in  forming  a  conception  of 
the  molecular  change  probably  accompanying  liquefaction. 


This  physicist  has  found  that  small  magnets  floating  freely  upon 
the  surface  of  a  liquid  arrange  themselves  in  certain  regular  forms 
when  acted  upon  by  a  larger  magnet  suspended  above  them. 
Several  different  numbers  of  magnets  have  the  property  of  arrang- 
ing themselves  in  two  or  more  diflTerent  forms.  Thus,  five  mag- 
nets may  assume  either  the  form  of  a  regular  pentagon  or  of  a 
square  witli  a  central  magnet.  It  is  these  two  figures  that  we  arc 
interested  in  :  the  pentagon  is  designated  form  W,  and  the  square 
with  its  central  magnet  form  I.  Now  the  area  circumscribed  by 
tlu;  iii.'igiicts  in  foi  rn  I  is  greater  than  that  in  form  W  in  about  the 
ratio  of  tiie  density  of  water  to  ice;  and  Professor  Mayer  sug- 

**The  oriKinal  diaKrnms  wore  formed  by  inking  the  tips  of  tlie  magnets,  nnd  bringing 
down  nprjii  tlieni  a  clciii  Hheot  of  pJipcr.  They  were  tlicn  cngriivcd  on  a  Bonicwiwit 
rcdii'-cd  «r,;dc  by  tlio  i)lioto-eiigrnviiig  i)ro(;('HH.  Tlione  Iiero  given  were  formed  by 
prlekiuK  tlirongli  Mnyer'n  dingramH  in  the  American  Jourmil  of  Science  (vol.  XVI,  Oct., 
ISTH,  p,  '2IH)  intf)  a  hlieet  l>eiiind,  which  was  thou  iiiked,  and  again  reproduced  to  a 
■tuallcr  hcale  hy  tlic  same  process. 
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gests  that  the  greater  density  of  water  than  ice  may  be  due  to 
some  such  different  grouping  of  the  molecules  as  that  exhibited 
by  the  magnets — the  molecules  being  grouped  together  in  water 
as  in  form  W,  and  in  ice  as  in  form  I.  Of  course  the  illustration 
is  imperfect,  as  the  magnets  float  in  a  space  of  but  two  dimensions, 
while  the  molecules  arrange  themselves  in  one  of  three ;  and  more- 
over we  do  not  know  how  man}'  molecules  form  a  crystal  of  ice. 
Nevertheless,  though  the  illustration  may  be  wide  of  what  actually 
occurs,  it  is  quite  certain  that  the  results  about  to  be  stated  follow. 

These  magnets  of  Mayer,  when  in  the  form  I,  may  be  drawn 
toward  the  positions  occupied  in  form  W  by  the  application  of 
external  force.  This  requires  a  constant  but  constantly  decreasing 
expenditure  of  force  until  they  reach  an  intermediate  position 
(theoretically)  in  which  the  attraction  in  both  directions  is  equal. 
If  they  are  pushed  beyond  this  position  they  will  of  themselves 
move  into  the  positions  occupied  in  form  W,  and  will  do  icork  in 
so  moving.  Precisely  similar  must  it  be  with  the  molecules  form- 
ing a  crystal  of  ice.  Energy  in  the  form  of  heat  has  the  power  of 
pushing  these  molecules  from  the  positions  occupied  in  ice  toward 
those  occupied  in  water ;  and  to  push  them  to  the  intermediate 
point,  where  the  attraction  in  both  directions  is  equal,  requires  an 
expenditure  of  just  143  units  of  heat.  The  molecules  are  then 
ready  to  fall  into  form  W — to  change  from  ice  to  water  ;  but  to  do  so 
the  size  of  the  crystal  must  he  still  farther  reduced^  and  a  tension  is 
formed  all  around  it.  But  the  tension  is  equivalent  to  a  reduction 
of  temperature,  as  shown  by  Dr.  Joule.  Hence  as  much  heat 
(probabl}')  as  was  required  to  push  the  molecules  into  the  interme- 
diate position  is  suddenly  absorbed  when  the  form  W  is  assumed 
— when  the  crystal  of  ice  becomes  a  droplet  of  water.  But 
whence  comes  this  heat?  Obviousl}^  it  is  abstracted  from  the 
surrounding  crystals  of  the  block.  Thus  each  crystal  of  ice 
probably  abstracts  as  much  heat  from  its  neighbors  on  melting  as 
would  cool  a  like  quantit}'  of  ice  143  degrees  if  taken  from  it  alone. 
If  two  crystals  were  about  to  melt,  the  melting  of  the  one  might 
absorb  all  of  the  latent  heat  possessed  by  the  other. 

This  rapid  absorption  of  heat  by  melting  ice  has  been  observed 
by  members  of  Accademia  del  Cimenta,  "who  found  that  the 
water  in  a  vessel  surrounded  by  ice  cools  more  rapidly  if  the  ice 
be  heated  to  accelerate  fusion  ;  "  and  it  appears  from  the  experi- 
ments of  Dr.  Grassi  that  a  perfectly  analogous  phenomenon  occurs 
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when  water  is  heated  to  its  critical  temperature  {Scientific  Ameri- 
can, vol.  XLIII,  1880,  p.  160). 

The  tirst  effect,  then,  which  is  produced  upon  a  block  of  ice 
subjected  to  the  action  of  heat,  is  to  diminish  equally  the  cohesion 
of  the  exposed  molecules.  But  ice  is  an  imperfect  conductor. 
Hence  if  the  block  receives  heat  at  all  rapidly,  it  cannot  so  dis- 
tribute it  as  to  affect  all  the  crystals  alike  ;  and  as  soon  as  melting 
begins,  the  remaining  crystals  are  made  rigid  again.  This  prin- 
ciple explains  the  anomalous  deportment  of  ice  when  experimented 
with.  It  is  only  when  the  accession  of  heat  is  so  slow  that  it  may 
be  equally  distributed  through  all  parts  of  the  mass  that  rigidity 
can  gradually  diminish  and  plasticit}'  or  viscosity  supervene.  But 
ice  in  glaciers  often  receives  heat  so  slowly  that  it  may  all  be 
equally  distributed  ;  and  even  when  melting  is  in  progress  the 
mass  is  so  great  that  only  a  small  portion  is  affected  b}'  the  ab- 
straction of  heat  accompanying  liquefaction. 

That  ice  becomes  plastic  when  slowly  melted  is  a  matter  of 
common  observation.  Professor  Bianconi's  experiments  undoubt- 
edly owe  a  large  part  of  their  success  to  the  fact  that  they  were  per- 
formed in  air  whose  temperature  was  slightly  higher  than  that  of 
ice.  Canon  Moseley's  conflicting  results  in  endeavoring  to  deter- 
mine the  shearing-force  of  ice  are  explained  by  Dr.  CroU  as  being 
at  least  partly  due  to  the  reception  of  heat  by  the  ice  while 
undergoing  experiment.  Lieut.  Weyprecht  found  that  a  block  of 
ice  immersed  five  metres  below  the  surface  of  an  ice-covered  sea 
becomes  covered  witli  a  crust  of  new  ice,  which,  before  melting, 
became  so  soft  as  to  be  easily  impressed  by  the  finger. A  blow 
from  a  hammer  upon  a  block  of  ice,  which  has  for  some  time  been 
exposed  to  a  temperature  below  the  freezing-point,  grinds  a  little  of 
the  ice  to  powder,  and  perhaps  starts  off  a  few  scales  and  splinters, 
but  makes  no  other  indentation.  The  effort  to  drive  a  spike  into  it 
starts  off  a  few  scales;  and  if  the  driving  is  pci'sisted  in,  minute 
cracks  diverge  from  the  spike,  and  the  l)lock  is  split  into  fragments. 
If,  however,  the  ])lock  has  for  some  days  been  exposed  to  a  tem- 
perntiir(;  so  little  above  the  fr(!(izing-point  that  su[)erncial  lique- 
faction does  not  take  place,  its  behavior  will  be  found  (]uite 
dififM-cnt.    A  blow  fi  oin  a  lianiiiicr  i)ro(luces  a  distinct  indentati(jn, 

''^  JJianconi,  Scientiflc  American,  vol.  XXXV,  1H70,  i).'107.  Croll,  "Cliinato  find  Time," 
Am.  cA.,  p.  Mi,  et  ncq.  W(;yin(!«;ht,  review  of  "Die  JMcLjiuioiijIiobcu  dca  rolureises," 
b."  H.  N.  Moseley,  Nature,  vol.  2f),  1871),  p.  &71. 
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but  may  not  start  off  a  splinter  ;  and  a  slender  spike  may  be  driven 
throuofli  the  mass  without  a  si^n  of  fracture.  Such  a  condition 
does  not  supervene  if  the  ice  is  exposed  to  a  high  temperature^  as  it 
usually  is  in  summer.  Ice  on  ponds  and  sluggish  rivers,  when 
slowly  melted  beneath  a  cloudy  sky,  becomes  first  softer  and  more 
yielding  and  afterwards  so  spongy  and  "rotten"  as  to  sustain  al- 
most no  weight.  The  interstices  formed  by  the  decrease  in  size 
of  the  crystals  become  filled  with  water  by  capillary  attraction, 
and  it  gradually  changes  to  a  mass  of  isolated  cr3'stals  —  the 
"sludge"  of  sailors. 

In  freezing,  the  same  stages  are  often  passed  through,  as  has 
frequently  been  observed  in  arctic  seas.  Thus  Dr.  Kane  records  that, 
on  the  9th  of  September,  1850,  Lancaster  Sound  was  "a  viscid 
sea  of  sludge."  On  the  11th,  "the  sludge  ice  had  drawn  in 
around  us,  and  almost  congealed  under  our  stern."  On  the  13th, 
the  tenacity  of  the  ice-fields  increased,  the  temperature  having 
fallen  to  +5°;  and  during  the  following  night  the  progress  of 
the  vessel  was  more  and  more  retarded,  and  finally  altogether 
stopped. 

Nor  is  it  until  the  freshly  formed  ice  has  been  for  many  days 
exposed  to  the  intense  cold  of  the  arctic  winter  that  it  parts  with 
so  much  of  its  latent  heat  as  to  become  perfectly  rigid  and  brittle. 
Dr.  Kane,  whose  experience  maybe  taken  as  representative  of  that 
of  arctic  explorers  generall}^  relates  further  that  even  after  the  ice 
had  become  solid,  and  had  reached  a  thickness  of  fourteen  inches, 
when  driven  against  the  vessel  "the  semiplastic  mass  became  im- 
pressed with  a  mould  of  her  side."  "With  matured  ice  nothing 
of  iron  or  wood  could  resist  such  pressure,  as  that  to  which  the 
Reliance  was  subjected." 

The  foregoing  considerations  indicate  that  ice,  in  spite  of  its 
apparently  contradictor}-  behavior  under  certain  circumstances, 
becomes  plastic  and  viscous,  and  tends  to  decrease  in  volume  on 
absorbing  its  latent  heat.  These  corollaries  follow:  —  (1)  Ice 
may  increase  or  diminish  in  volume,  while  its  temperature  remains 
constant.  (2)  The  viscosit}'  of  ice  may  increase  or  diminish, 
while  it  remains  constantly  at  a,  temperature  of  32°.  (3)  The 
rate  of  ice-motion,  if  due  to  viscosity  as  appears,  will  var}^  with 
the  rate  of  accession  of  heat. 

Influence  of  pressure. —  If  the  molecular  effect  of  heat  upon  ice  is 

c«  "  In  Uie  Frozen  Zone,"  p.  433,  et  seq. 
^'  Jlid.,  pp.  415-j. 
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as  detailed  above,  it  follows  that  a  given  pressure  is  not  only  the 
mechanical  equivalent  of  a  certain  quantitj^  of  heat,  but  also  affects 
the  molecules  of  the  ice  in  precisely  the  same  manner.  That  pres- 
sure lowers  the  melting-point  of  ice  is  w^ell  known  —  indeed  Mous- 
son  melted  ice  at  zero,  Fahrenheit,  b}^  subjecting  it  to  a  pressure 
of  13,000  atmospheres.^^  Viewed  as  a  whole,  then,  a  thick  glacier 
would  be  more  plastic  and  viscous  than  a  thin  one,  if  the  rate  of 
accession  of  heat  were  equal ;  and  it  would  be  plastic  at  a  lower 
rate  of  accession.  For  ice  may  be  perfectly  rigid  and  brittle  (and 
must  be  nearly  so)  if  kept  constantly  a  little  below  the  freezing-- 
point  and  not  subjected  to  pressure.  Professor  Tyndall  found  that 
snow  below  32°  does  not  possess  the  property  of  regelation.^^ 

3.  Analogies  of  ice  with  other  substances. 

Analogies  with  solids.  —  It  has  alread}-  been  stated  that  a  slender 
bar  of  ice  may  be  bent  into  any  form  by  gentle  pressure,  and  that, 
when  broken,  it  may  be  welded  by  simply  pressing  the  fractured 
surfaces  together  ;  but  these  properties  are  common  to  most  solids. 
It  is  true,  however,  that  greater  relative  pressure  is  requisite  to  weld 
other  solids,  because  the  ice,  when  experimented  with,  is  usually 
covered  with  a  film  of  water  which  aids  in,  or  even  wholly  accom- 
plishes, regelation  as  lucidly  explained  by  CroU  and  even  if  not 
so  covered  before  the  pressure  is  applied,  a  slight  exertion  of  force 
is  suflicient  to  liquefy  the  projecting  points  first  brought  iuto  con- 
tact, and  the  water  so  formed  immediately  freezes  when  the  pres- 
sure is  removed.  This  distinction  from  other  solids  should  be 
borne  in  mind. 

A  stick  of  shoemakers'  wax  may  be  bent  into  any  foi-m  by 
gentle  pressure  ;  ])ut  if  the  pressure  is  excessive,  a  clean  fracture 
ensues.  If  these  fractured  surfaces  are  pressed  together,  the  stick 
re-unites  ;  and  if  the  pressure  is  considerable,  and  is  continued  for 
some  minutes,  the  union  Ijecomes  strong. The  slow  fluid  motion 

Ann.  of  dhcm.  nnd  /'htj»  ,:\(\  Sci  ics,  vol.  LVI,  11.252. 
c»*-II«-jit."  ctr.,  Am.  (.'d..  \>.  170. 
fi"  •'(  Imi.-ilc        Time,"  )).  .W). 

e'  Wliilr;  iiicpjii  iiiK  Hic  final  copy  of  this  p;i|)cr  for  Iho  press  tho  writer  stumbled  on 
tha  following  item  in  n  ilaily  iicwHpni)cr :  — Slioc'inaiierH'  wax  han  beon  used  witli 
KiKxcHH  in  iiUiHK'iW  to  iilu'-trale  to  tlic  Htudciuts  of  intiiral  piiiloHopiiy,  in  a  model,  iho 
flow  of  glaciers.  It  Is  wonderUil  liow  eloHely  tli(!  How  of  lliis  wax  resemhleH  t!i:;t  of 
Icc.  Sir  V»'.  TiiomHon  Iimh  »d.Ho  omployjid  iIuh  nort  oC  wax  tf)  hliow  the,  njolion  of  li.'rhler 
bodir'H  like  cork,  and  heavier  bodieH  like  Itnllel-^,  tiirou;,di  a  vIhcouh  huljstance."  A 
niorccxt<:nde»l  noti<x'  of  cx|)(!rimr!ntM  lias  aceordinRly  l)c<!n  HtriekiMi  out.  TlienuLlioiitio 
records  of  tliOHO  namod  above  Iiavo  not  Ijcen  scon  up  to  this  writing  (.January,  1H80). 
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of  Stockholm  pitch  so  solid  and  brittle  as  to  separate  into  angular 
fragments,  with  a  conchoidal  fracture  and  glassy  lustre,  on  the 
application  of  sudden  force,  was  long  ago  pointed  out  by  Forbes 
C  Occasional  Papers  on  the  Theory  of  Glaciers,"  1859,  pp.  93, 
269). 

A  thin  bar  of  lead  and  a  sheet  of  zinc  (weakened  by  perfora- 
tions an  inch  in  diameter  and  an  inch  and  one-half  from  centre  to 
centre)  were  bent  into  the  form  of  arcs  of  circles,  and  were  laid, 
with  the  convexity  downward,  upon  a  level  surface.  After  a  time 
ranging  from  one  to  several  days,  according  to  the  degree  of  con- 
vexity, the  curvature  disappeared,  with  the  exception  of  a  small 
portion  at  either  end.  If  a  slight  weight  was  placed  upon  either 
extremity  of  the  arc,  the  time  of  straightening  was  diminished, 
and  the  extremities  were  brought  down  upon  the  subjacent  surface. 
That  lead  may  be  united  by  simple  pressure  is  sufficiently  attested 
by  the  process  of  manufacturing  lead  pipe,  and  also  by  the  finding 
of  bullets  thoroughly  welded  evidently  by  impact  in  the  air.  It 
is  said  to  require  constant  care,  in  armories  where  leaden  bullets 
are  punched  from  bars,  to  prevent  the  welding  of  the  bullets  to  the 
steel  punches. 

In  his  experiments  on  the  wielding  of  solids  b}^  pressure,  M. 
Spring  has  found  that  out  of  eighty  pulverized  solid  bodies  all  of 
crystalline  structure  were  capable  of  welding  at  pressures  of  10,000 
atmospheres  or  less.  M.  Spring  says  that  the  facts  described  do 
not  essentially  differ  from  those  observed  when  two  drops  of  a 
liquid  meet  and  unite." 

Professor  W.  A.  Norton,  in  a  paper  on  the  "Variability  of  the 
Ultimate  Molecule, "^^  shows  that  when  stress  is  applied  to  iron  or 
other  material  a  permanent  set  results,  which  remains  after  the 
stress  has  been  removed.  It  is  not  shown  by  Professor  Norton's 
experiments  that  the  set  increases  with  the  time  during  which  the 
strain  is  applied  ;  but  that  it  does  so  is  practically  recognized  by 
mechanicians,  especially  when  wood  is  the  material  subjected  to 
strain.  Moreover,  Professor  R.  H.  Thurston  discovered  some 
3'ears  ago  that  when  a  bar  of  iron  was  left  in  his  testing  machine 
under  heavy  strain  for  sixty-two  hours,  the  strength  of  the  metal 
increased  20  per  cent.^"^    Similar  experiments  have  shown  that  the 

C2  Xaiure,  vol.  22,  No.  15,  p,  r50. 

83  American  Journal  of  Science,  vol.  XVIT,  IMarch,  1870,  p.  183. 

6*  Scientific  American,  vol.  XXIX,  Nov.  29,  187:5,  p.  330;  Trans.  Am.  Soc,  C.  E.,  vol. 
II,  p.  330;  Jour.  Franklin  Inst.,  Mch.,  1874,  pp.  IbO-J, 
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strength  of  a  bar  of  iron,  strained  to  the  point  of  rupture  and  then 
relieved,  increases  within  some  months  to  a  greater  degree  than 
before  the  application  of  the  stress.  The  above  experiments  show 
that  molecular  rearrangement  takes  place  not  only  when  the  ma- 
terial is  subject  to  strain,  but  when  idle.  Crystallization  is  an 
exhibition  of  the  same  property.  That  iron  may  be  welded  by- 
simple  pressure  is  attested  by  numerous  correspondents  to  the 
Scientific  American  (the  foremost  mechanical  journal  in  the  United 
States)  who  have  recorded  cases  of  the  welding  of  mill  spindles 
to  the  steps  upon  which  the}^  revolved,  in  almost  all  cases  without 
heat.6^  Such  a  weld  is  perfect,  and  seems  to  be  due  to  the  pres- 
sure which  first  drives  the  lubricant  from  between  the  highly  pol- 
ished surfaces,  and  then  forces  the  parts  into  molecular  contact. 

The  most  anomalous  properties  of  ice,  such  as  taking  the  form 
of  a  mould,  or  of  flowing  in  the  direction  of  least  resistance,  are 
common  to  metals,  as  experimentally  demonstrated  by  the  di- 
rector of  the  Conservatoire  des  Arts  et  Metiers  in  Paris,  M.  Tresca, 
and  others.  M.  Tresca's  experiments,  published  in  La  Poingon- 
nage  des  Metaux^  indicate  the  law,  common  to  metals,  which  he 
states  as  follows : — "When  pressure  is  exerted  upon  the  surface 
of  any  material,  it  is  transmitted  in  the  interior  of  the  mass  from 
particle  to  particle,  and  tends  to  produce  a  flow  of  metal  in  the 
direction  in  which  resistance  is  least."  Lead  forced  through  a 
narrow  aperture  by  pressure  exhibits  all  the  characteristics  of  a 
flowing  liquid,  even  to  "contraction  of  the  vein."^"^  The  practical 
bearing  of  the  law  of  the  flow  of  solids  has  been  discussed  by  Mr. 
Chandler  Roberts,  F.  R.  S.,  Chemist  to  the  Mint,  who  says, — 
"when  metals  are  subjected  to  compression,  they  so  closely  re- 
semble fluids  in  their  behavior,  that  the  shape  they  will  assume 
can  be  deduced  by  calculation.  It  is  even  possible  to  lay  down 
the  trajectory  of  the  molecules  of  the  compressed  metal,  and  to 
establish  with  certainty  the  final  i)laces  they  will  occupy  as  com- 
pared with  their  initial  positions." 

The  plasticity  of  large  rock-masses  is  too  well  known  to  all 

"bSpc  especlnlly  vols.  XXXVI  nn»l  XXXVII  (1877).  For  character  of  M'old,  sco  vol. 
XXXVI. )).  291,21.  It  i»  in  (liKCUHKinj?  tliCKO  phonoiiicna  that  a  correspondent  mentions 
the  uelflin;,'  of  leaden  l>iillet«  to  Rteel  puiiclicH  in  VVoolvvicli  ArHenal. 

'"■•QMol<!d  in  Scic.iitijlc  Amarican  Supplement,  No.  110,  Apr.  i:{,  1H78,  p.  ISn.'S,  by  David 
TownKcnd.  who  denci  il>eH  nnniei  ous  exporinientH  ilMiHtratinf?  tiie  flow  of  iron. 

"  Lnc.  C.U.,  No.  81,  July  28.  1877,  p.  i:JOt.  Mr.  LewiH  C.  Ware,  C.  E.,  here  verifies  the 
theory  of  the  flow  of  nietalH  hy  niiithcni:itic,iil  analysis. 

e»  Loc.  cit.,  No.  101,  Aug.  30,  1870,  p.  .'JOlfJ. 


BY  W.  J.  MCGEE. 


505 


students  of  orographical  dynamics  to  require  extended  mention : 
and  similar  plasticity  in  smaller  masses  is  also  not  uncommon. 
Geo.  L.  Yose  several  j-ears  ago  described  the  distortion  of  the 
pebbles  forming  a  conglomerate  at  Rangely  lake,  Maine  ;  ^^Zirkel 
mentions  similar  phenomena  as  exhibited  maicroscopically  by  the 
nagelflues  of  Switzerland  and  microscopically  by  the  older  clastic 
rocks  of  Nevada  and  Clarence  King  describes  Cambrian  quartz- 
itic  conglomerates  of  the  same  territory  in  which  "  all  the  pebbles 
are  much  flattened,  and  not  infrequently  they  are  welded  together, 
squeezed  into  one  another,  having  evidently  become  plastic  when 
under  great  pressure.  There  is  not  a  crack  or  divisional  plane  in 
these  welded  pebbles."  The  same  writer  "  has  observed  that 
slabs  of  marble  when  supported  by  their  ends  sag  in  the  middle, 
taking  a  permanent  set." 

It  is  these  identical  properties  which  preeminently  characterize 
ice  ;  and  it  behooves  those  who  deny  its  viscosit}^  to  explain 
also  the  flowing  of  solids  on  some  other  hypothesis.  There 
seems  to  be  no  essential  difference  between  the  flow  of  ice 
and  that  of  other  solids. 

Analogies  with  liquids. — When  a  pebble  is  dropped  into  water, 
the  liquid  is  forced  out  in  all  directions,  forming  an  elevated  rim 
circumscribing  the  central  depression  occupied  b}^  the  pebble.  In 
oil,  the  same  eff'ects  are  produced,  but  more  slowly  ;  and  in  Venice 
turpentine  identical  changes  in  form  take  place  so  slowly  as  to  be 
easil}^  studied.  In  Professor  Bianconi's  experiments  already  men- 
tioned, granite  pebbles  were  placed  upon  the  surface  of  ice  and 
subjected  to  pressure,  the  surrounding  temperature  being  from 
34°  to  47°  F.  A  deep  cavity  surrounded'  by  a  raised  rim  was 
produced  in  from  six  to  ten  hours.  When  an  iron  plate  pierced 
by  a  square  aperture  took  the  place  of  the  pebble,  the  ice  rose 
through  the  aperture  in  a  square  column,  and  curved  over  until  it 
touched  the  plate  ;  the  surrounding  ice  having  risen  meanwhile  and 
extended  over  the  margin  of  the  plate.  A  bar  of  iron,  plane  below 
and  convex  above,  being  pressed  upon  the  surface,  the  ice  rose  as 
before  and  applied  itself  to  the  convex  upper  surface.  Defining 
the  viscous  state  as  that  in  which  the  molecules  are  mutually 

«9  Mem.  Bost.  Soc.  Nat.  Mat.,  vol.  I,  pt.  4,  No.  XII. 

'0  "Microscopical  Petrography  "  ofU.  S.  Geol.  and  Geog.  Surv.,  40th  Parallel,  vol. 
VI,  p.  2G3. 

'1  "  Systematic  Geology  "  of  same  Survey,  vol.  I,  p.  230. 
«  jbicL,  p.  To2, 
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attractive  but  subject  to  local  or  general  rearrangement  on  the 
application  of  stress,  it  would  seem  that  it  is  one  common  to 
solids  and  liquids,  and  possessed  in  a  remarkable  degree  by  ice. 

SEC.  II.— ICE-STREAMS  ARE  IN  TENSION. 

1.  Modus  operandi  of  ice-motion. 

Forces  producing  glacier-motion. —  Glacier-motion  seems  to  be 
the  resultant  of  two  forces,  viz.  :  (1)  heat,  and  (2)  gravitation. 
The  influence  of  gravitation  is  shown  in  the  motion  of  all  glaciers  ; 
that  of  heat  is  well  shown  in  the  more  rapid  motion  of  the  Alpine 
glaciers  during  day  and  summer  than  during  night  and  winter. 
Time  is  an  important  factor,  but  may  be  disregarded  in  this  dis- 
cussion. 

Operation  of  gravitation. —  A  glacier  or  an  ice-field  may  be  as- 
sumed to  receive  heat  equally  in  all  its  portions,  and  at  a  sufficient 
rate  to  produce  viscosity.  The  mass  will  then  be  governed  by  the 
same  laws,  in  regard  to  motion,  as  water  or  oil.  If  within  a 
basin,  the  surface  will  slowly  assume  horizontality.  If  there  is 
an  outlet  from  the  basin,  the  ice  will  flow  through  in  a  stream 
whose  velocity  will  vary  as  the  resistance  off*cred  b}^  the  channel. 
The  velocity  at  the  perimeter  of  cross-section  will  be  less  than  that 
near  the  centre  of  the  surface  ;  but  the  diflference  in  velocitj'  will 
probably  be  less  than  in  rivers,  because  (1)  the  mutual  attraction 
a<nong  the  ice-particles  is  greater  than  among  the  water-particles, 
and  because  (2)  there  is  less  entanglement  of  the  particles  at  the 
base  of  the  ice  with  those  of  the  bed  than  in  rivers  ;  for  melting  is 
constantly  taking  place  at  the  junction.  The  mean  velocity  will 
vary  with  the  slope  of  the  cliannel,  and  the  cross-section  will  be 
greatest  where  the  slope  is  least;  and  if  the  channel  is  rugged  and 
tortuous,  the  motion  will  Ije  correspondingly  retarded.  The  mo- 
tion at  a  littk;  distance  from  the  outlet  will  not  be  aflfected  by  the 
pressure  within  the  basin  ;  for  a  less  exertion  of  force  would  pile 
tli(;  i(;e  in  huininoftks  near  the  outlet  than  would  drive  it  through  a 
nai'iow,  tortuous  valle^'. 

Injlueuce  of  hmt. —  But  lieat  is  not  received  equally  by  all  parts 
of  the  glacici-.  That  \nivi  iKixt  the  debouchure  r(!ceiv(^s  luiat  more 
nipidiy  than  tin;  upper  i-(!Mch('H,  on  a(;coiuit  of  (1)  the  warm 
viipf;r-lad(:n  winds  which  l)low  ycross  tluit  i)ortion,  i\nd  (2)  the 
conservation  of  heat  by  the  atiiermous  atmosphere  of  the  valleys ; 
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for,  as  already  shown,  the  low  temperature  of  the  source  of  the 
glacier  is  chiefly  due  to  the  diathermancy  of  the  snperfluitant  at- 
mo?;phere.  Hence  if  the  channel  of  the  ice-stream  were  perfect]}^ 
uniform,  and  the  mass  were  bisected  across  its  length,  the  lower 
portion  would  move  more  rapidl}'  than  the  upper,  and  the  chasm 
sei)arating  them  would  continually  widen.  A  like  result  would 
follow  its  vertical  section  at  any  point.  No  part  of  the  mass 
could  be  subjected  to  greater  pressure  than  that  due  to  the  weight 
of  the  ice  ;  but  the  tension  might  at  any  time  increase  beyond  the 
tensile  strength.  If,  therefore,  glaciers  are  not  pulled  in  two  in 
nature,  it  is  manifest  that  the  upper  portion  is  drawn  forward  by 
the  lower,  which  is  corresponding!}^  retarded. 

The  surface  of  a  glacier  receives  heat  more  rapidly  than  its  base,  i 
as  all  the  solar  and  stellar  heat  is  cut  off  and  absorbed  by  the  up- 
per portions  —  ice  being  an  imperfect  conductor.  The  lower  por- 
tion receives  onl}^  the  proper  terrestrial  heat,  and  that  due  to 
pressure  and  friction.  Hence,  if  the  glacier  were  bisected  by  a 
plane  parallel  with  its  surface,  the  upper  half  would  move  more 
rapidly  than  the  lower;  and  if  the  plane  were  passed  above  or 
below  the  centre,  a  like  result  would  follow  (provided  the  locus  of 
greatest  velocity  is  —  as  is  probable — at  the  surface).  The  basal 
portion  must  therefore  be  dragged  forward  by  the  upper  portions, 
which  are  thereb}^  retarded  ;  but  fracture  cannot  result,  on  ac- 
count of  the  pressure  of  the  superincumbent  mass. 

The  centre  of  an  ice-stream  also  tends  to  move  more  rnpidly 
than  the  sides,  on  account  of  the  resistance  offered  by  the  banks. 
The  central  portions  must  therefore  drag  forward  the  lateral  por- 
tions;  and  if  in  the  effort  to  accomplish  this  the  tensile  strength 
of  ice  is  exceeded,  crevasses  must  result. 

These  postulates  are  indicated  b}"  laws  governing  the  motion  of 
viscous  bodies  ;  and  in  so  far  as  they  accord  with  the  observed 
behavior  of  ice  they*  confirm  the  viscous  theory  of  ice-motion. 
Only  two  or  three  coincidences  will  be  pointed  out.  Others  are 
too  well  known  to  require  comment. 

2.  Evidence  of  tension  in  glaciers. 

Crevasses. —  It  is  well  known  that  crevasses  are  common  in  gla- 
ciers, and  invariably  at  right  angles  to  the  line  of  greatest  tension. 
Their  frequenc}^  and  width  are  greatest  in  steep  and  regular  por- 
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tions  of  the  channel ;  and  when  more  nearh^  horizontal  stretches 
are  reached,  the  chasms  contract,  and  sometimes  close,  when  the 
ice  becomes  welded  into  a  solid  mass  again.  It  seems  to  be  un- 
usual for  crevasses  to  extend  entirely  across  ice-streams,  and  to 
increase  progressively  in  width,  as  they  should  according  to  theory 
if  the  channel  were  uniform  ;  but  inequalities  in  the  bed  and  the 
progressive  decrease  of  slope  characteristic  of  valleys  in  moun- 
tainous districts  probably  serve  to  counteract  all  tendenc}^  in  that 
direction. 

Evidence  furnished  by  the  Great  Aletsch  Glacier. — During  a  recent 
visit  to  the  Great  Aletsch  Glacier,  Professor  W,  H.  Niles,  of  Boston, 
found  that  this  glacier  does  not  extend  into  and  fill  up  all  the  de- 
pressions in  its  bed,  but  moves  forward  on  the  higher  portions. 
*'The  ice  of  the  glacier,  however,  is  sufficiently  plastic  to  conform 
to  certain  kinds  of  irregularities  of  surface."  "These  are  long, 
narrow  ridges,  the  trends  of  which  are  the  same  as  the  strike  of  the 
rock,  and  nearly  parallel  with  the  direction  of  the  motion  of  the 
glacier."  "The  ice  had  time  enough  to  conform  to  these  longi- 
tudinal *  *  ridges  as  it  flowed  over  them  lengthwise  ;  and  in 
August,  1876,  as  it  passed  over  the  lee  end  of  the  ridge,  it  pre- 
served the  mould  of  the  profile  so  perfectly  that  for  more  than 
twenty  feet  the  blue  arch"  retained  the  corrugations  formed  by  the 
irregularities  of  the  ridge.''^  Now  if  the  force  impelling  the  ice 
down-stream  were  not  greater  than  the  weight  of  the  mass,  the 
ice  would  be  pressed  into  all  depressions  of  the  bed,  and  the  im- 
press of  the  ridge  could  not  extend  beyond  its  lee  end.  Another 
observation  enables  us  to  measure  approximately  the  relation  be- 
tween the  two  forces. 

A  bowlder  was  seen  embedded  in  the  lower  surface  of  the  ice, 
and  having  with  it  a  slow  motion.  The  ice,  however,  moved  more 
rai)idly  than  the  stone,  continually  cree[)ing  over  and  around  it. 
An  inv(!ited  trongh-like  furrow  was  thus  formed  in  the  lower  sur- 
face of  the  glacier.  Tliis  I'uriow  was  three  feet  deep  at  the  bowl- 
der, and  extended  dovvn-str(;am  from  it  for  thirty  feet.  'J'he 
e.\i8ten(;e  of  such  a  i'wvvow  proviis  tlnit  tiui  foi'C(;  imi)elling  tlu^  gla- 
cier forward  is  ten  tiuKis  as  powei-fiil  as  that  i)ressing  the  ice  ni)on 
tiic  bowlder  from  nbove.  The  thickiKiss  of  this  glacier  is  not 
mentioned  ;  but  it  in:iy  b(;  taken  at  the  mean  of  several  Alpine 

American  Jourwil  of  Science,  vol.  A' VI ,  Nov.  1H7H,  p.  'V'lli;  .'ilso  I'roc.  lioston  Soc.  Nat, 
Jllf*.,  vol.  A' IX.  .M<  h.  '20,"  I87H,  pp.  •.V.V)-iV\. 
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glaciers,  or  350  feet.  Neither  is  tlie  temperature  of  the  ice  re- 
corded ;  but  it  is  unlikely,  situated  as  it  is  near  the  debouchure^ 
that  it  is  below  the  mean  observed  by  Agassiz  200  feet  below  the 
surface  of  the  ice,  or  31.24°.  [If  the  assumed  thickness  is  too 
great,  it  is  probably  counterbalanced  by  taking  the  temperature 
too  low.]  It  has  been  found  that  the  pressure  of  a  mile  of  ice  is 
sufficient  to  lower  the  melting  point  of  snow  or  ice  one  degree  cen- 
tigrade. In  the  same  ratio,  a  pressure  of  3,500  feet  would  lower 
the  melting  point  nearly  1.25°  F.  Hence  if  the  force  impelling 
the  ice  down-stream  were  pressure,  the  ice  would  melt  at  30.75°. 
In  reality  its  temperature  must  be  half  a  degree  above  that  point. 
Pressure,  then,  cannot  cause  the  forward  motion  of  the  Great 
Aletsch  Glacier. 

Other  cases  of  high  temperature  have  been  recorded,  too  high  to 
exist  even  if  the  ice  were  under  only  the  compression  due  to  the 
weight  of  the  superincumbent  ice.  All  such  afford  demonstrative 
evidence  that  the  ice  is  in  tension. 

SEC.  III.  -  APPLICATION  OF  VISCOUS  THEOEY. 

Viewing  the  ice-field  described  in  Part  II  in  the  light  of  the 
theory  that  ice  is  a  viscous  body  when  it  has  absorbed  a  portion 
of  its  latent  heat,  and  that  its  viscosity  increases  with  the  acces- 
sion of  heat,  it  will  be  manifest  that  from  the  highest  point  of  the 
annular  belt  of  ice  toward  the  pole  the  temperature  would  be  too 
low  and  the  slope  too  gentle  to  produce  motion  ;  while  from  the 
highest  point  to  the  peripheral  margin,  the  rate  of  motion  would 
progressively  increase.  The  profile  of  the  upper  surface  would 
therefore  assume  some  such  form  as  that  represented  in  figure  1 
(Part  I)  ;  and  the  pressure  of  the  central  ice  would  exercise  no 
influence  whatever  on  the  motion  of  the  peripheral  ice. 

74  Since  the  above  was  written  some  reason  to  suspect  that  the  data  employed  are  not 
very  reliable  has  appeared;  but  as  precise  values  could  not  be  obtained,  it  has  been 
deemed  advisable  to  allow  the  paragraph  to  remain,  x>artly  as  an  incentive  to  observa- 
tions of  the  character  indicated. 
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THE  KAMES  OF  MAINE  ; 


The  Kames  or  Eskers  of  Maine.     By  George  H.  Stone,  of 
Kent's  Hill,  Maine. 

Classification  of  the  Kames. 

Kames  which  are  arranged  in  well  marked  lines  so  as  to  have 
evidentl}'"  a  common  origin  are  classed  together  as  one  system  in 
the  accompanying  list,  and  the  systems  have  received  names  from 
one  or  more  localities  along  their  routes.  They  are  also  for  con 
venience  of  reference  numbered  in  order  beginning  at  the  east. 
The  longest  tributary  is  regarded  as  the  main  kame  and  is  marked 
with  the  S3^stem  number.  Evident  branches  are  marked  by  an- 
nexing one  of  the  first  letters  of  the  alphabet  to  the  system 
number ;  probable  branches  by  annexing  the  middle  letters  ;  and 
possible  branches  that  cannot  as  yet  be  proved  to  be  distinct 
S3'stems,  by  annexing  the  last  letters.  Thus  the  first  or  most 
eastern  branch  of  system  XI  is  marked  XI  a,  and  a  probable 
branch  of  that  is  marked  XI  a  m.  The  lengths  of  the  kames  as 
given  are  approximate.  Their  total  length  somewhat  exceeds 
2000  miles.  About  two-thirds  of  this  distance  has  been  explored 
by  the  writer ;  the  rest  is  mapped  from  what  is  believed  to  be 
trustworthy  information.  No  instrumental  survey  of  so  great  a 
field  was  possible  and  the  method  adopted  has  been  by  recon- 
noissance  to  interpolate  the  courses  of  the  kames  on  the  ex- 
isting maps. 

Names  in  the  annexed  table  refer  to  towns  or  townships 
through  which  the  kames  pass,  not  to  villages. 

The  following  abbreviations  are  used  : 

V.  —  valley    str.    stream       ??    =  possibly. 

r.  =  river      1.  p.  low  pass     ?  and  ??,  refer  to  the  name 

L  =  lake       ?       probably  preceding. 
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LIST  OF  THE  KAMES  OF  MAINE. 


No.  of 
Sy&tem. 


Ila 


116 
11c 


lid 


III 
lllm 


IV 

V 

V6 
Va 

VI 

YIX&7J 

VII 


vriTO 

VllI 


Vllirt 
Vlllm 

IX 


Length 

ill 
miles. 


60 


150 


20 


Name  of  Kame. 


Courses  of  the  Kames. 


St.  Croix  River  System. 

Vanceboro  Branch. 
Houlton  System. 


New    Limerick  —  Amity 
Branch. 

Orient  Branch. 
Hersey  —  Tomah  Stream 
Branch. 


Little  Tomah  Stream  Gra- 
vels. 


5  East  Machias  System. 
1    Crawford  Kame. 


17 

25 

8 
17 

47 

12 

5 
40 

130 


10 
17 

130 


Musquash  Stream  System. 

Grand  Lake  — Old  Stream 
System. 

Farm  Cove  Branch. 

Clifford  and  Chain  Lakes 
Branch. 

Baskahe^ran    Lake  — Ma- 
chias River  System. 


Bancroft  and  Hot  Brook 
Kames. 

Springfield  —  Junior  Lake 
Kames. 

Sisladobsis  Lake  — Plea- 
sant River  System. 

Gravels  are  reported  along 
Seboois-Springfield —  De- 
blois  System. 


Mattakeunk  Stream 
Branch. 


West  Branch  of  Union 
River  Gravels. 


Seboois-Enfield— Deblois 
System. 


Crosses  Chiputneticook  1.  to  Vanceboro, 
along  St.  Croix  v.  to  Canoose  r.,  by  1.  p. 
to  Baring?  and  Pembroke. 

E.xtends  N.  W.  from  Vanceboro  to  Chiput- 
neticook 1.  ?? 

No.  9,  R.  4,  Littleton,  Orient,  under  and 
through  Grand  (St.  Croix)  Lake,  by  1.  p. 
down  V.  of  Tomah  str.,  Baileyville, 
Meddybemps,  Dennysville  ?,  Trescott. 

Linneus,  Hodgdon;  joins  II  near  the  S. 

line  of  Amity. 
Joins  II  in  Grand  Lake. 

Island  Falls,  Haynesville,  Danforth,  by 
].  p.  S.  E.  along  E.  &  N.  A.  Railway,  to 
join  II  near  Tomah  Station. 

Bobbins,  Codyville;  only  in  part  of  kame 
origin. 

Near  road  from  E.  Machias  to  Cooper. 
Near  crossing  of  E.  IMuchias  r.  by  Air 

Line  road.   Extends  interruptedly  to 

E.  Machias?? 
Along  V.  of  Musquash  str.  from  Topsfield 

to  Big  L. 

Grand  Lake  Stream  S.  to  little  River,  then 
S.  W.,  and  down  v.  of  Old  Stream. 

From  Farm  Cove  on  Grand  (Schoodic) 
Lake  by  1.  p.  to  Little  River. 

N.  to  Big  Lake  making  Systems  IV  and  V 


Kossuth,  Pleasant  Lake,  W.  shore  Grand 
Lake,  by  1.  ]).  to  Machias  lakes  and 
down  Machias  r. 

May  join  VI  near  the  N.  "W.  angle  of 
Baskahegan  Lake. 

Occasional  ridges  on  a  steep  down  slope. 

Only  partly  explored  in  a  diflQcult  wil- 
derness. 

the  West  Branch  of  the  Machias  River. 

From  Seboois  Lakes  S.  to  Seboois  bridge, 
then  E.  by  1.  p.  to  upper  Shin  Pond,  by 
1.  ]).  to  Patten,  by  1.  p.  to  Sherman,  v. 
of  Molunkns,  Prentiss,  by  1.  p.  to  Nica- 
tovvas  str.  and  to  Cherryfield  Plains. 

From  Mattawamkeag  r.  to  Lee,  by  1.  p.  to 
join  VIII  near  No.  3  Pond. 

From  Aurora  where  this  kame  stream 
washed  away  IX  to  near  Nicatowas 
Lake. 

Valley  of  Seboois  str.,  Medway,by  1.  p.  to 
Chester,  crosses  Penobscot  at  S.  Lin- 
coln, Greenbush,  Greenfield,  S.  E.  by 
1.  p.  to  Aurora  and  to  the  great  Deblois 
or  Cherryfield  Plains. 
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Length 

in 
miles. 

20 


20 
105 


10 


Name  of  Kame. 


Courses  of  the  Kames. 


Staceyville  —  Medway 
Branch. 

Salmon  Stream  Branch. 
Mattaceunk  Stream  Kame. 

Sam  Ayer's  Stream  Kame. 
KatahcUn  Kame. 


Soper  Brook  Gravels. 

Clifton  —Hancock  System. 

Moosehead  Lake— Penob- 
scot Bay  System. 


S.  Twin  Lake— Winterport 
Branch. 

Schoodic  Stream  Gravels. 
Jo  Mary  Kame. 

Charleston  —Hampden 
Branch. 


Exeter  Mills— Hermon 
Pond  Branch. 

Roach    River  — Pleasant 
River  System. 

Katalulin    Iron  Works 
Kame. 

Lilly  Bay— Sehec  System. 

Corinna  — Dixmont  Sys- 
tem. 

Kame  in  Troy  and  the 
wcKtern  part  of  Dixmont. 
II  a  !•  1 1  a  11  d  —  Searsmont 
System, 

Montvillc— Liberty  Sys- 
tem. 

China  — Alna  System. 

Albion— Whitefleld 
Brancli. 

EaHt(!rn  Kennebec  Valley 
•SyHlem. 

M.'iy  flel  d-UriKlitqn 
Kaiiieri. 

Clinton  Knmo 
Upper    Keiineljec  Valley 
Syttteiii. 

AiiHon  —  Madiaon  ICanie, 


Joins  IX  at  the  Penobscot  near  the  mouth 

of  Pattagumpus  str. 
Joins  IXa  not  far  north  of  the  Penobscot. 
V.  of  Maltacennk  N.  from  Penobscot  r. 

May  join  Villa  or  IX. 
A  few  miles  N.  of  Mattamiscontis. 
From  Penobscot  r.  at  mouth  of  Katahdin 
str.,  N.  E.  and  E.  to  Millinockett  1.,  S. 
to  Shad  Pond,  by  1.  ]>.  down  v.  of 
Seboeis  str.,  Howland,  N.  E.  corner  of 
Argyle,  Greenfield. 
Probably  Kames,  N.  of  Ripogenus  Lake, 

in  T.  4  R.  U. 
Clifton,  Otis,  Mariaville  ?  Waltham  ?  Han- 
cock?  Has  a  short  branch  in  Clifton. 

Hogback  Island,  Moosehead  1.,  by  I.  p.  in 
Shirley,  v.  of  Piscataquis  to  Sanger- 
ville,  V.  of  Black  Brook  to  1.  p.— 
"Notch"  in  Garland,  E.  Corinth,  W. 
Hampden,  Winterport,  Stockton. 

Medford,  Lagrange,Orono.  Bangor,  Hamp- 
den. Joins  XI  at  Ball  Hill  Cove. 
Partly  kames.  Join  XIa  in  Medford. 
V.  of  Pratt  Brook,  W.  of  Middle  of  Jo 
Mary  1.  Direction  nearly  E. 

Kendnskeag,  Levant  village,  by  l.p.  to 
Hermon  Bog.  Joins  XIa  near  Hamp- 
den Upper  Corner. 

W.  Levant,  Carmel,  Joins  XI  near  Her- 
mon Pond  Station. 

Very  interrupted.  Reaches  to  Brownville 
and  Milo  ? 

N.  W.  from  the  Iron  Works  along  v.  of  ■ 

a  branch  of  Pleasant  r. 
Lilly  Bay  by  1.  p.  and  along  v.  of  Wilson 
Str.  to  Sebec  Lake  and  Milo  ?  ? 

Crosses  Newport  Pond  at  E.  Newport, 
Plymouth,  N.  Dixmont. 


Not  fully  explored. 

Pittsfield,  Unity, Thorndike,  Knox,  by  1.  p. 
to  Montville  and  N.  line  Searsmont. 

Ends  in  plains  near  True's  Pond. 
Along  (;hina  1.,  S.  Cliina.  Windsor  Vil- 
lage, Whitefield,  Alna,  Georgetown  ?? 

Puddledock  in  Albion,  by  1.  p.  to  plains 
near  Week's  Mills,  tlien  interrupted. 

Near  Kennebec  v.  from  Somerset  Mdls 
to  Mcrrynieeting  Bay,  i)erhapb  farther. 

An  iiiterrujited  series  in  Bhunihard,  May- 

11. -M  and  IJrigiilon. 
Canaan,  Clinton.  JunisXVHI at  Winslow. 

Along  Kennebec  v.  from  near  the  Forks 
to  Enihden.    Now  mostly  re-clasKiflt  d. 

From  near  Cai  ral)aHKett  r.  in  W.  part  of 
Anbon,  S.  E.  into  Madison. 
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No.  of 

System. 


Lcncrth 


mile; 


Namk  of  Kame. 


Courses  of  the  Kames 


XlXt 
XIXi- 
XlXw 

XlXx 
XIXX.C 

XIXy 

X\Xm 
XiXyb 

XX 

XXa 

XXaa 
XXax 

XXx 

XXI 
XXII 

XXIII 


XXTIItt 
XXIV 


XXI  Vx 

XXIVrtf 
XXI V6 
XXIV?« 


XXIVn 


XXV 


XXVI 


XXVIa 


6 

105 


13 


Pjirliii  Pond  Kame. 

Kibby  Stream  Kame. 

Dnad  Rivei" — Jerusalem 
Kame. 

Stratton  Brook  Kame. 

Kame  reported  near  the 
divide 

Xorrid^ewook  —  Sidney 
Plains  Kame. 

Short  Kame  in  Smith  field. 
Mercer— Belgrade  Branch, 

Chesterville  — Lisbon  Sys- 
tem. 

Winthrop  — Leeds  Junc- 
tion Branch. 

West  Winthrop  Kames. 
Small  Kame  near  Mount 

Vernon  village. 
Androscoggin  River 

Kames. 


Freeport  System. 
Canton— Auburn  System. 


Buckfield— West  Minot 
System. 

Sumner— Buckfield  Kame. 
Androscoggni  Lakes  — 
Portland  System. 


Kennebago  River  Kames. 

Andover  Plains. 
Locke's  Mills  Branch. 
Sands  and  gravels,  partly 
Kames, 

We^t  Cumberland  Kame 
Plains. 


The  stream  which  deposited  this  ridge 

may  have  llowed  N. 
W  of  Kiljby  str.,  a  lew  miles  N.  W.  of 

Grand  Falls  of  tlie  Dead  r. 

Along  1.  p.  past  E.  base  Mt.  Bisrolow  to 
Kingfield.   May  connect  with  XX. 

Not  far  from  Eustis  on  road  to  Ivingfield. 
May  also  connect  with  XX. 

between  Dead  r.  and  Arnold  r.,  a  tribu- 
tary of  the  Chaudiere. 

From  S.  part  of  Norridgewock  through 
Smitlifield  and  Belgrade  into  Sidney. 

By  1.  p.  past  E.  base  Hampshire  Hill  to 
join  XlXy  near  Belgrade  Great  Pond. 

By  1.  p.  in  E.  Livermore,  Leeds,  Sabattus  v. 
Interrupted  S.  of  Leeds  Junction. 

Broken  series.  Extends  N.  through  Lake 

Maranocook  into  Readfield  ? 
A  local  series  of  small  ridges. 


At  long  intervals  from  Livermore  to  near 
Lewiston,  then  quite  consecutive  to 
Durham. 

From  near  S.  E.  corner  of  Durham  to 

Freeport  or  beyond. 
From  Canton  Point  and  perhaps  above, 

by  1.  p.  in  Livermore,  Turner,  Lake 

Auburn. 

By  1.  p.  along  line  of  R.  R.   Extends  in- 
terruptedly toward  Canton. 
Along  v.  of  W.  Br.  of  20  Mile  r. 

Along  Lake  Welokennebacook,  by  l.p. 
and  V.  of  Black  Br.  and  v.  of  Ellis  r.  to 
Rumtord,  by  l.p.  to  Bryant's  Pond, 
Oxford,  Pohind,  by  i.  p.  fo  Gray,  West- 
brook,  Scarboi-o 

About  i2  miles  N.  of  L;ike  Mooselocnia- 
guntic. 

Two  series  reacliing  N.W.  finm  Andover. 
Joins  XXIV  at  Bryant's  I'ond. 

througn  Danville,  at  New  Gloucester, 
Pownal  and  Yarmouth. 


Mav  be  a  delta  formation  tlnown  off  by 
XXIV  fiom  Gray. 
Casco — Windham  System.  By  1,  p.  fiom  Tlionii)son  Pond,  along  and 
under  R  ittlesnake  an<l  ]*;intlier  P.)nds, 
Ii;iymond,  to  N.  Windli.im,  tlien  as 
doiible  system  to  Goi-liam  and  Scar- 
boro. 


Bethel— Saco  River  Sys- 
tem. 


Long  Pond  — Naples 
Branch. 


By  1.  p.  from  Bethel,  v.  of  Crooked  r.,  W. 
shore  Sebago  Lake,  tiien  as  two  series 
in  Standisli,  W.  Goriiain  and  Buxton. 
Scarboro  and  Snco  were  overrun  by 
XXIV,  XXV,  XXVI  and  XXVIL 

Extends  under  Long  Pond  as  far  N.  as 
Bridgton  Landing. 
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Length 

ill 
miles. 


7 

15? 


Name  of  Kame. 


Courses  of  Kames. 


Fryebiivg  — Saco  River 
System. 

Conway-Ossipee  —  Mou- 
sam  System. 

Great  Ossipee— Kennebunk 
Plains. 


From  Fryebuvg,  or  Conway?,  to  HoUis 
and  beyond.   Found  near  the  Saco  r. 


Ossipee  Lake.  Balche' 
San  lord,  Wells. 


Pond,  Shapleigh, 


Great  Ossipee  —  Alfred 
Plains. 


Great  Ossipee — West  New- 
field  Plains. 

Little  Ossipee  River 
Plains. 

South  Acton  — Wells  Sys- 
tem. 


West  Lebanon  System. 

East  Rochester  —  Dover 
System. 


Partly  kames,  partly  valley  drift,  like  all 
tlie  i)lains  in  this  region.  Runs  E. 
along  V.  of  Great  Ossipee  to  Cornish, 
S.  by  1. )).  in  Limerick,  by  1.  p.  in  Wnter- 
boro,  Alfietl  and  indefinitely  down 
Kennebunk  v. 

Great  Ossiijee  r.  by  1.  p.  in  central  Pai'- 
sonsfield,  N.  Shapleigh,  by  l.p.  to 
Alfred. 


From  Great  Ossipee 
line  of  Maine. 


S.  by  l.p.  near  W. 


From  N.  Shapleigh  E.  to  Waterboro.  In- 
tel sects  XX Villa  and  XXVI1I&. 

By  1.  p.  in  Acton  and  Lebnnon  through  N. 
Berwick.  iMarvland  Ridge,  Wells,  may 
belong  to  either  XXVIII  or  XXIX. 

From  North  East  Pond  S.  by  l.p.  to 
Berwick  ?'■' 

N.  of  E.  Rochester  lies  in  Maine,  S.  ol 
there  in  N.  H.  A  branch  running  N. 
W.  in  N.  H.  ?? 


GENERAL    TOPOGRAPHY    OF  MAINE. 

The  state  is  disposed  in  two  gmnd  slopes. 

1.  Tlte  southern  slope. —  The  average  breadth  of  this  slope  is 
about  140  miles,  its  average  fall  per  mile  south-southeasterly 
at  least  seven  feet.  It  is  drained  by  numerous  streams  whose 
general  courses  lie  somewhat  east  of  south,  yet  an  inspection  oi 
the  map  shows  that  they  zigzag  considerably  and  flow  east  or  west 
for  a  considerable  part  of  their  courses.  These  abrupt  deflections 
are  causcrl  by  numerous  ranges  of  hills  trending  eastward  or  nortli- 
eastw.'ird.  The  presence  of  these  ranges  transverse  both  to  the 
dii'cction  of  general  slope  and  of  glacial  flow  must  have  had  a 
gi  eat  influence  upon  both  the  movements  of  the  glacier  and  of  the 
escaping  waters  during  tin;  fliial  melting.  After  the  ice  had  so 
far  melted  as  to  l)e  not  more  than  400  or  500  feet  in  thickness, 
over  a  lar-ge  part  of  the  state,  further  flow  unless  toward  the  east 
or  we  a  would  be  impossible  on  jiccount  of  these  high  ranges, 
which  would  then  rise  above  the  ice  surface. 
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2.  The  St.  John  Slope. — This  comprises  the  northern  portion 
of  the  state.  Its  average  breadth  is  about  ninety  miles  ,  its  slope 
two  or  three  feet  per  mile  toward  the  north  and  east.  Much  of  the 
region  is  quite  level,  and  even  its  highlands  would  not  be  very  con- 
spicuous but  for  the  great  monotonous  plain  around  them. 

KAME    DRIFT    COMPARED    WITH    GLACIAL  DRIFT. 

We  have  in  Maine  an  excellent  opportunity  for  a  comparison 
of  this  kind,  owing  to  the  presence  in  the  central  part  of  the 
state  of  a  great  area  of  slate  and  fossiliferous  rocks,  bordered  by 
cr3'stalline  areas.  Thus,  with  the  exception  of  one  short  outcrop 
of  granite,  the  course  of  System  IX  lies  wholly  within  a  region 
of  slates,  conglomerates  and  limestones  for  nearly  100  miles.  It 
then  crosses  the  granitic  range  of  mountains  extending  north- 
eastward from  Mt.  Desert.  For  seven  miles  after  entering  the 
granite  area  in  Aurora  the  kame  is  composed  almost  wholly  of 
slate,  although  the  country  on  both  sides  is  covered  by  granitic 
till  and  shows  multitudes  of  granite  bowlders  and  fragments.  The 
granite  then  begins  to  appear  in  the  kame  and,  a  few  miles  farther 
southeastward,  the  kame-plains  are  almost  wholly  composed  of 
granite,  although  the  underlying  rock  is  there  a  micaceous  slate 
or  schist,  and  the  till  shows  that  kind  of  rock  freely.  These  and 
other  facts  of  similar  import  show  that  kame  materials  have  been 
transported  lengthwise  of  the  kames  and  in  general  farther  than 
morainal  material  originally  derived  from  the  same  locality.  In 
other  words,  kame  drift  is  glacial  drift  plus  a  variable  amount  of 
water  drift. 

THE    KAME  STREAMS. 

The  sand,  gravel  and  pebbles  of  the  kames  show  plainly  that 
they  have  been  classified  by  running  water  and  all  are  more  or 
less  rounded.  The  facts  already  cited  prove  that  the  currents 
which  classified  these  gravels  flowed  lengthwise  of  the  kames  and 
southward,  and  the  same  is  shown  by  the  prevailing  direction  of 
stratification,  b}^  the  fact  that  near  the  north  end  of  kames  the 
gravel  is  less  rounded  and  water-worn  than  farther  south,  and  by 
the  position  of  the  plains  or  delta-like  enlargements  of  the  kame. 
In  four  cases,  however,  the  direction  of  the  currents  is  still  a  mat- 
ter of  doubt. 

All  the  longer  kame  systems  in  the  state  arc  at  their  northern 
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extremities  from  500  to  1600  feet  above  tide  water,  while  at  the 
south  tliey  end  in  the  sea  or  at  less  than  300  feet  elevation.  This 
fully  accounts  for  the  slope  necessary  for  a  stream.  The  kame 
streams  resembled  ordinary  rivers  flowing  in  sub-aerial  channels 
in  many,  perhaps  in  all,  respects.  Their  meanderings  and  zigzags, 
even  when  passing  over  a  very  level  region,  are  often  remaikable 
and  plainl}"  like  rivers.  The  map  shows  that  many  of  them  come 
together  like  the  tributaries  of  a  river,  and  these  branches  at  their 
northern  ends  may  be  many  miles  apart  and  be  separated  by  high 
hills  or  mountains.  The  plains  closely  resemble  deltas  ;  and  VIII  m, 
XXIV  ?i,  XXV,  and  the  many  reticulated  branches  of  XXVIII, 
show  divergent  delta  streams  on  a  large  scale.  Again  the  kames 
bear  the  same  relation  to  drainage  basins  as  ordinary  streams.  At 
their  northern  ends  all,  so  far  as  now  known,  originate  in  places 
favorable  for  collecting  a  considerable  body  of  water  from  the 
melting  glacier.  That  the  flow  of  water  was  swifter  in  some  parts 
of  the  streams  than  in  others  is  shown  by  the  nature  of  the  de- 
posits. Short  slopes  do  not  seem  to  have  much  affected  the  rate  of 
flow,  but  on  up  slopes  or  levels  of  several  miles'  length,  the  kames 
are  usually  large  and  of  fine  material,  while  on  long  down  slopes, 
or  near  the  height  of  the  higher  divides,  or  in  the  jaws  of  narrow 
passes,  they  may  wholly  disappear,  or  be  represented  by  the  larger 
pebbles  onl3^  Every  long  kame  system  in  the  state  shows  this 
alternation  of  finer  and  coarser  material,  varying  according  to  the 
slope.  The  map  shows  how  often  the  kames  disregard  the  lines 
of  natural  drainage.  From  this  it  may  be  inferred  that  these 
rivers  were  contained  within  ice  walls,  and  that  the  ice  surface 
was  far  from  coinciding  with  the  underlying  land  surface.  That 
these  rivers  for  the  most  part  flowed  in  superficial  channels  in  the 
ice,  the  writer  regards  as  a  fair  inference  from  the  facts  observed, 
l)ut  the  limits  of  the  i)rcsent  pa[)er  make  it  imi)ossil)le  to  give 
d(;tails.  Thus  far  I  have  found  but  few  signs  of  sub-glacial  streams 
far  back  from  the  coast.  Nenr  ti»e  coast  there  are  evitlont  signs 
of  such  streams  and  some  kames  may  have  been  deposited  by 
tiiem. 

THE    EXTERNAL    FOI5MS    OF  KAMES. 

1 ,  The  sinrjle  ridfje. — This  varies  in  ])readth  and  height  in  differ- 
ent parts  of  its  course  and  is  sometimes  100  or  more  feet  high. 
Gai>s  arc  common  in  the  ridge,  even  in  a  level  region. 
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2.  Reticulated  kame-plains. —  Often  a  single  ridge  divides  into 
two  branches  which  soon  come  together  again  and  thus  enclose  a 
sink  or  funnel,  which  ma}^,  if  it  be  low  enough,  contain  a  lakelet 
without  visible  outlet  or  inlet.  Or,  a  kame  ma}^  expand  into  a 
series  of  ridges  connected  by  cross  ridges  and  enclosing  numerous 
funnels  or  lakelets.  These  plains  are  often  many  miles  in  length 
and  from  one  to  five  miles  in  breadth. 

3.  Solid  or  continuous  kame-plains.  —  These  are  broad  and 
massive  plains,  or  ridges  usually  quite  level  on  the  top  and  showing 
few  or  no  funnels  or  signs  of  separate  ridges.  They  are  in  fact 
an  enlargement  of  the  kame  and  are  often  higher  or  lower  than 
the  narrow  ridge  which  may  be  found  both  north  and  south  of  them. 
Several  kame  systems  in  the  Androscoggin-Kennebec  region 
break  up  into  a  series  consisting  of  these  broad,  solid  plains  or 
ridges,  separated  by  gaps  of  a  mile  or  somewhat  more.  Some  of 
these  solid  plains  are  140  or  more  feet  in  height.  They  may  be 
one  mile  in  breadth  and  several  miles  in  length.  If  long,  they 
are  usually  not  very  broad. 

THE    INTERNAL    STRUCTURE    OF  KAMES. 

Internally  kames  are  of  two  classes. 

1.  The  stratified  kame,  which  is  the  more  common  kind. 

2.  The  pell-mell  kame,  composed  of  the  finest  and  coarsest 
materials  indiscriminately  mixed.  Occasionally  a  kame  contains 
what  appears  to  be  upper  till,  as  if  a  mass  of  till  had  slid  down 
into  the  channel  of  the  stream  and  defied  classification  b}^  the  cur- 
rent. In  general  the  rounding  of  kame  material  is  very  conspic- 
uous. In  some  cases  pebbles  from  two  to  four  feet  in  diameter 
have  been  made  almost  spherical.  The  rounding  of  kame  pebbles 
or  cobble  stones  is  not  like  that  of  our  ordinary  streams,  but 
resembles  that  of  the  pebbles  found  in  pot-holes  or  on  the  sea 
beach.  Some  of  the  stones  of  the  ground  moraine  are  rounded 
in  a  very  similar  manner.  In  order  to  account  for  this  extreme 
rounding  of  kame  pebbles  we  must  suppose  great  violence  and 
vertical  movement  of  the  waters  of  the  kame  river,  or  that  the 
movements  of  the  glacier  assisted  in  the  rounding  process,  or  per- 
haps that  both  of  these  causes  were  combined.  A  kame  is  some- 
times found  to  be  stratified  in  some  parts  of  its  course  and  pell- 
mell  in  others. 
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ACTION    OF   THE    SEA    UPON   THE  KAMES. 

During  the  Champlain  period  tlie  sea  probably  stood  in  the 
central  parts  of  Maine,  at  a  height  of  300  or  350  feet  above  the 
present  sea  level,  and  many  kames  were  submerged  during  that 
period.  The  sides  of  the  kame  that  has  not  been  under  the  sea 
usually  slope  at  the  angle  of  stability  of  loose  materials  in  air, 
while  marine  waves  and  currents  often  reduced  the  kames  to  the 
form  of  low  rounded  bars,  whose  sides  slope  at  the  angle  of  sta- 
bility of  such  materials  in  water.  The  fossiliferous  Champlain 
clays  have  hundreds  of  times  been  seen  overlying  the  kames  and 
I  have  taken  mya,  balanus,  and  other  marine  genera  from  the 
undisturbed  clay  found  in  a  depression  in  a  kame.  The  difference 
in  the  physiognomy  and  structure  of  the  kame  which  has  been 
under  the  sea  and  that  which  has  not,  is  so  great  as  to  show  con- 
clusively that  the  kames  proper  cannot  have  been  a  marine  de- 
posit. 

DISTRIBUTION    OF    THE  KAMES. 

A  line  joining  the  northern  extremities  of  the  longer  kames  is 
nearly  a  straight  line  ;  it  trends  nearly  northeast  and  is  roughly 
parallel  with  the  coast.  North  and  west  of  this  line  there  are 
occasional  short  ridges  of  kame  origin,  but  no  long  systems  have 
yet  beer  discovered.  The  writer's  theory  as  to  the  cause  of  this 
is,  that  it  is  chiefly  a  matter  of  slope.  On  a  long  slope  north- 
ward or  northeastward,  the  action  of  the  melting  waters  of  the 
great  glacier  must  have  been  very  different  from  what  it  was  on  a 
southern  slope  of  seven  feet  per  mile.  For  the  full  development 
of  kames  a  medium  slope  is  necessary,  also  that  the  melting 
proceed  simultaneously  over  a  considerable  area. 

TOPOGRAPHICAL    RELATIONS    OF   THE  KAMES. 

We  liave  already  referred  to  the  numerous  ranges  of  liills  in 
Maine,  which  lay  athwart  the  course  of  the  glacier.  All  of  the 
longer  kame  systems  cross  one  or  more  of  these  high  transverse 
ranges,  but  never  except  ])y  low  passes,  that  is,  passes  not  more 
than  ul)Out  200  feet  above  the  country  lying  to  the  northward. 
Hills  lower  than  this  they  cross  freely,  and,  indeed,  are  found  in 
all  relations  to  them,  now  turning  aside  as  if  to  avoid  a  hill  not 
more  th;in  100  feet  liigh,  and  soon  crossing  such  a  hill  when  it 
miglit  avoid  it  by  as  short  a  course  or  even  shorter.   In  some  cases 
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where  a  kame  breaks  up  into  a  series  of  disconnected  ridges  or 
solid  plains,  like  that  which  passes  through  Portland,  the  gravels 
are  found  on  the  higher  land,  but  this  rule  is  not  followed  by  some 
other  similar  discontinuous  systems  (XVII,  XX).  While  follow- 
ing a  valley  the  kames  may  sometimes  be  found  along  the  axis 
of  the  valley,  but  more  commonly  approaching  the  bordering  hills, 
first  on  one  side  and  then  perhaps  on  the  other.  After  entering 
valleys  they  are  not  known  to  leave  them  when  the  bordering  hills 
are  more  than  about  200  feet  high,  and  they  do  not  ordinarily 
leave  a  broad  south-southeasterly  valley  even  when  bordered  by 
hills  much  lower  than  this.  Valleys  of  other  trends  they  very 
often  enter  and  leave  them  again  or  cross  them.  This  is  well  il- 
lustrated by  the  courses  of  systems  VIII,  IX,  XI,  and  XXIV. 
For  instance,  IX  runs  lengthwise  of  the  valleys  of  seven  streams, 
and  crosses  five,  besides  entering  the  Penobscot  vallc}^  twice,  fol- 
lowing it  for  a  few  miles,  and  then  again  leaving  it  for  higher 
ground.  The  reason  the  kames  run  lengthwise  of  so  many  valleys 
is  that  they  follow  up  a  stream  to  its  source,  cross  a  low  col  and 
then  follow  down  the  valley  of  a  stream  flowing  in  the  opposite 
direction.  In  general  the  courses  of  the  kames  are  straighter  than 
those  of  the  longer  rivers,  for  the  latter  are  deflected  by  the  east 
and  west  ranges  of  hills,  while  the  kame  rivers  might  take  a 
direct  course  through  some  low  pass,  and  thus  often  reenter  the 
valley  of  the  same  river  which  they  had  just  left.  Where  there 
are  several  passes  the  kame  does  not  always  take  the  lowest  or 
most  direct,  in  which  case  it  is  sometimes  found  that  by  so  doing 
the  kame,  some  miles  toward  the  south,  secures  a  more  favorabj^- 
pass  than  if  it  had  taken  the  other  route.  This  is  the  antic|(jp^^Qiy 
choice  of  water  rather  than  the  blindness  of  the  moraine,  /phis  re- 
lationship between  the  kames  and  the  low  passes  is  of  inf  gtimable 
service  to  the  explorer  when  in  a  hilly  or  mountaino/g  reo-ion. 
The  first  part  of  his  problem  is  to  determine  where  a/,g  ^j^g 
passes.  He  may  thus  be  able  to  predict  the  courses  ofh\^Q  kames 
for  many  miles  ahead,  and  will  know  where  it  will  be  Profitable  to 
explore.  The  inference  of  the  writer  is  that  the  fcames  were 
deposited  late  in  the  ice  period,  when  the  glacier  was  sIq  melted 
that  the  higher  hills  rose  above  the  ice  surface,  and  hdjice  the  only 
escape  for  the  waters  southward  was  by  the  low  passj^g^ 
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Preservation  of  fossil  Insects  and  Plants  on  Mazon  Creek. 
By  J.  ^Y.  Pike,  of  Vineland,  N.  J. 

These  fossils  are  the  admiration  of  collectors,  and  have  a 
special  interest  for  students  of  natural  history  and  geology.  As 
delicate  copies  of  the  structure  of  ancient  plants,  insects,  crusta- 
ceans, etc.,  they  are  unsurpassed.  There  are  inscribed  on  these 
beautiful  "figured  stones"  not  only  the  most  accurate  geological 
notices,  but  the  finest  hair  lines  from  the  leaves  of  ferns,  the 
wings  of  insects,  the  limbs  of  crustaceans,  the  scales  of  fishes  and 
reptiles. 

Mazon  Creek  is  a  branch  of  the  Illinois  river,  which  it  joins  at 
Morris  the  county  seat  of  Grundy  county.  From  five  to  seven 
miles  above  its  mouth,  the  waters  of  the  Mazon  have  carved  their 
channel  through  prairie  soil,  drift,  and  sandstone,  into  the  blue 
shale  bed  in  which  the  fossils  are  found.  Below  the  shale  is  a  bed 
of  coal  which  has  been  opened,  in  places,  by  shafts  sunk  below  the 
level  of  the  stream. 

Suppose  we  are  on  the  ground,  desirous  of  interpreting  the 
geological  and  biological  history  recorded  in  these  deposits.  We 
must  resort  to  the  method  of  comparison,  upon  which  all  scientific 
interpretation  rests.  Beginning  with  the  bed  of  fossil  fuel  upon 
which  the  shale  rests,  we  compare  it  with  other  deposits  of  carbon, 
with  lignite,  peat,  and  the  accumulations  now  forming  in  great 
swamps.  By  the  method  of  comparison  the  facts  of  our  Mazon 
Creek  deposit  are  brought  into  relation  with  similar  facts,  as  uni- 

sal  as  the  world,  and  scientific  insight  is  acquired.  In  the  under- 
(.jj^^,- the  Stigmariifi  with  their  delicate  rootlets.  We  compare 
them  wit\^^  cedar,  cypress  and  other  roots  in  the  swamp  mud  under 
modern  A^at  beds,  and  conclude  that  the  underclay  is  the  muddy 
soil  of  an  Vncient  swamp.  By  a  similar  method  it  becomes  evident 
that  the  cfi^^  *  mass  of  vegetable  matter  which  slowly  accumu- 
lated in  th(\  stagnant  waters  of  the  swamp,  and  was  subsequently 
pressed  int(>  ^  aoWd  bed.  Comparison  restores  the  landscai)e  :  we 
seethe  halfi  ^^^^f^^erged  shores  and  islands,  tlie  jungle  of  marsh 
]>lants  tlie  jl<'l'»'is  trunks,  branches,  vinos  and  leaves,  settling 
under  the  da\l^  stagnant  water. 

The  first  la>V<Ji"9  of  shale,  that  lie  above  tlie  coal,  mark  a  gradual 
increase  of  wt»ter  over  the  surface.  Compare  its  fiattened  tree 
stems  with  th'c  l)erishing  forests  now  being  entombed  in  mud, 
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where  the  Atlantic  coast  is  sinking.  As  tlie  water  deepens,  the 
fringing  swamp  advances  upon  higher  ground,  and  la3-ers  of  clay 
are  spread  over  the  deposits  of  peat  and  logs.  The  Mazon  shale 
must  have  resulted  from  similar  conditions.  Compare  it  with  the 
blue  clay  now  accumulating,  where  the  rising  water  has  flooded 
valleys  and  swamps  transforming  them  into  shallow  bays  and 
lakes.  The  clay  brought  down  from  the  land  by  rivers  aud  codst 
waves  may  be  yellow  or  red.  It  subsides  upon  tlie  bottom  with 
decomposing  organic  matters  which  reduce  peroxide  of  iron  to 
protoxide,  and  the  clay  deposit  becomes  blue.  This  shale,  then, 
is  the  product  and  record  of  a  subsidence  that  buried  tlie  older 
swamp,  with  its  deposit  of  carbon,  under  the  waters  of  a  lake.  It 
formed  as  a  soft  ooze  over  the  buried  peat,  and  in  it  the  remains 
of  crustaceans,  fishes  and  reptiles  that  inhabited  the  water,  were 
entombed. 

Compare  the  leaves  in  these  concretions,  or  lumps  of  hardened 
shale,  with  those  being  buried  in  the  sediment  of  modern  lakes. 
As  they  float  from  the  marshy  shores  and  sluggish  streams  and 
become  water=soaked,  they  sink  flat  upon  the  fine  mud  below. 
After  successive  layers  have  been  sifted  on  them  by  the  water,  they 
are  found  conformable  with  the  strata  in  which  they  are  buried. 
So  it  is  with  the  leaves  in  these  nodules.  Among  a  thousand 
specimens  it  is  difficult  to  find  one  twisted  out  of  conformity,  even 
at  the  point,  like  this  one.  On  the  other  hand,  the  extreme  softness 
of  the  shale  at  that  time  is  shown  by  the  size  of  these  base  leaflets, 
which  were  thrust  diagonally  into  it  by  the  mere  weight  of  the 
blade  in  water.  Such  w^as  the  geological  page  upon  which  these 
biological  records  were  inscribed. 

Comparison  develops  the  inscription  into  a  restored  landscape. 
An  impenetrable  tangle  of  ferns,  rushes  and  other  lowland  plants 
skirts  the  rivers  and  shores,  stretching  away  in  broad  savannas 
farther  than  the  eye  can  penetratCo  The  drooping  foliage  trails  in 
the  black  waters  of  swamp-linecl  rivers.  Creeping  things  of 
strangely  generalized  form,  covered  with  scales,  bristling  with 
spines,  are  swarming  in  the  murky  air,  on  the  moist  ground,  upon 
the  dense  foliage  and  in  the  stagnant  water.  There  are  roaches, 
locusts,  ma3'-flies  and  termites  ;  spiders,  scorpions,  centipedes  and 
caterpillars  ;  creatures  something  like  these,  and  like  crabs,  shrimps 
and  craw-fishes.  They  float  along  with  the  fallen  leaves,  sink  down  • 
upon  the  soft  bottom  and  are  buried  in  the  growing  shale  bed, 
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which  thus  gains  in  thickness  till  at  length  it  is  buried  under  layers 
of  sand  like  those  now  forming  over  peat  and  clay  along  our 
sinking  coasts. 

We  next  consider  the  incipient  metamorphism  by  which  a  por- 
tion of  the  clay  immediately  around  the  fossils,  has  been  trans- 
formed into  ironstone  nodules,  or  concretions.  The  iron  held  in 
solution  in  the  waters  that  permeated,  and  circulated  in,  the  pores 
of  the  clay  bed,  seems  to  have  been  attracted  and  solidified  by  the 
chemical  force  which  had  been  gathered  from  the  sunlight  and 
stored  up  in  the  organic  matter  of  the  fossils  themselves.  This 
force  may  be  compared  to  that  of  the  galvanic  battery,  by  which 
metals  are  deposited  from  solution.  Observe  that  the  nodules 
take  the  form  of  the  fossils  they  enclose.  A  leaf  has  the  general 
form  of  an  oval,  it  is  bent  to  one  side,  or  one  leaf  lies  across  the 
side  of  another  ;  and  the  resulting  nodule  is  oval,  curved,  or  has  a 
lump  on  one  side,  as  the  case  may  be.  It  would  be  instructive 
to  compare  them  with  siliceous  geodes,  that  have  begun  their 
growth  upon  fossil  corals,  crinoids,  shells,  etc. 

The  nodules  as  they  lie  in  situ,  in  the  shale,  appear  as  though 
the  ferrous  carbonate  had  been  attracted  with  such  force  as  not 
only  to  fill  the  spaces  between  the  particles  of  clay,  but  to  crowd 
them  apart  and  thicken  the  layers.  Here  are  specimens  that  ex- 
hibit the  continuity  of  the  strata,  from  the  soft  ontl3'ing  shale 
through  the  hard  nodules,  which  thus  appear  like  swellings  in  the 
clay.  The  layers  are  concavo-convex,  not  only  in  the  nodule 
above  and  below  the  plane  of  the  leaf,  but  also  in  the  soft  shale 
above  and  below  the  nodule.  It  is  as  though  the  expansion  of  the 
nodule  had  crowded  and  bent  the  strata  into  arches  upward  and 
downward. 

But  it  is  not  probable  that  the  leaf  retained  its  chemical  force 
till  the  clay  was  condensed  to  shale  by  pressure,  nor  that  the  strata 
in  the  nodule  were  expanded  and  thickened  again  after  such  con- 
densation. No  dou])t  the  iron  was  attracted  soon  after  the  leaf 
was  buried,  wlien  tlic  shale  was  as  3'ct  soft  ooze.  The  layers  were 
then  much  thicker,  even  in  the  nodule,  than  now  ;  and  as  the 
weight  of  overlying  dei)OHits  increased,  the  soft  outlying  shale  be- 
ing compressed  more  than  that  in  the  denser  nodule,  the  layers 
above  and  below  it  were  })ent  into  arclies  as  we  find  them. 

If  we  compare  these  biological  records  with  the  prin)itive  in- 
scriptions of  man,  both  are  written  in  the  picture  language  of 
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iiatui*e,  but  these  are  incomparably  more  minute  and  accurate. 
The  human  records  are  found  exposed  on  the  crumbling  surface  of 
monuments  ;  but  these  were  sealed  up  in  lumps  of  stone  nearly  as 
hard  as  flint  and  buried  in  beds  of  clay  beyond  the  reach  of  wear 
and  decay.  The  tablets  of  cuneiform  from  the  fatherland  of 
Abraham  were  done  in  soft  clay  and  afterwards  hardened  by  baking  ; 
these  were  inscribed  on  softer  clay  which  has  since  been  hardened, 
automaticall}',  by  the  writing  itself,  or,  more  properly,  by  the 
types  which  printed  the  writing.  Like  the  casts  of  the  founder 
who  surrounds  his  models  with  moist  sand,  these,  too,  are  casts, 
but  they  are  casts  of  such  delicate  things  as  fern  leaves  and  insect 
wings,  moulded  in  fine  clay  by  the  gentle  touch  of  water  and  after- 
wards chemically  hardened  by  an  iron  cement. 

But,  the  age  of  the  most  ancient  human  writings  is  as  a  thing 
of  yesterday  —  utterly  insignificant  when  compared  with  the  im- 
measurable antiquity  of  these  inscriptions  from  Mazon  Creek. 
They  were  formed  in  the  incalculably  remote  Carboniferous  Period, 
and  while  the  vast  Permian,  Triassic,  Jurassic,  Cretaceous  and 
Tertiary  beds,  which  contain  the  record  of  nearly  all  animals 
above  the  grade  of  fish-like  reptiles  known  to  geologists,  were 
being  deposited,  these  engraved  stones  were  sealed  up  in  the  shale 
beyond  the  reach  of  change  or  decay.  The  granite  of  the  Hima- 
layas, Sierras,  Andes,  and  all  the  loftiest  mountain  chains,  was, 
for  the  most  part,  formed  out  of  the  sediment  of  dried  up  seas 
after  these  fragile  ferns  and  insects  were  embedded  in  the  clay.  In 
Post  Tertiary  time  the  overlying  rocks  were  planed  down  by  mov- 
ing ice,  and  clay,  gravel  and  bowlders  strewn  over  the  surface. 
Then  came  an  age  of  shallow  lakes  followed  by  swamps,  forming 
the  black  prairie  soil. 

Finally,  the  waters  of  the  Mazon  dug  their  channel  down  into 
the  shale,  and  the  softer  clay  being  washed  away,  these  nodules 
were  left  in  placers  in  the  bed  of  the  stream,  mingled  with  granitic 
gravel  derived  from  glacial  drift. 

Being  thus  exposed  to  the  combined  action  of  air  and  moisture, 
the  ferrous  carbonate  is  changed  to  the  ferric  oxide  of  iron,  and 
the  nodules  turn  red  like  boiled  lobsters.  During  this  process 
they  often  divide  spontaneously,  exposing  the  fossils  within,  and 
thus  they  were  found  by  the  German  ^  naturalist  who  made  the  first 
collection.    But  this  change  of  iron  from  the  blue  to  the  red  state 

1  Mr.  Joseph  Even,  of  Peru,  Illinois. 
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is  often  attended  with  solution,  resolidification,  and  final  complete 
separation  of  tlie  iron  from  the  clay.  The  iron  forms  as  a  red 
brown  shell,  and  the  half  of  a  nodule,  with  a  fern  on  the  side, 
becomes  a  geode,  enclosing  the  clay  in  an  ochre-like  form  in  its 
interior. 

These  beautiful  specimens  being  mostly  exhausted  from  the 
gravel  beds,  the  collector  must  anticipate  the  denuding  forces  and 
dig  the  concretions  out  of  the  shale  of  the  river  banks  and  bottom, 
and  crack  them  for  himself.  Specimens  got  in  this  way  show  the 
finest  details  of  structure,  and  promise  to  increase  our  knowledge 
of  the  biology  of  the  lowlands  of  Carboniferous  time. 


The  Fossil  Dinocerata  in  the  E.  M.  Museum  at  Princeton, 
Kew  Jersey.    By  Franklin  C.  Hill,i  of  Princeton,  N.J. 
[abstract.! 

The  collection  of  the  bones  of  the  Dinocerata,  at  Princeton, 
is  not  large,  but  choice,  and  I  hope  to  be  able  from  it  and  the  aid 
of  my  blackboard,  to  give  a  tolerably  correct  idea  of  the  family 
structure. 

Our  chief  pieces  are  two  skulls,  so  nearly  perfect  that  our  frag- 
ments of  others  enable  us  to  restore  them  entirely. 

One  of  these  has  been  already  described  and  figured  in  a  Bulle- 
tin from  the  Museum,  under  the  name  of  Utntatherium  Leidianum, 

The  other,  a  more  recent  acquisition,  is  even  more  perfect,  the 
left  side  showing  everything  from  the  snout  to  the  occipital  con- 
dyles.   We  consider  it  as  a  Loxolophodon. 

Beginning  at  the  snout  we  notice  tluit  a  slight  twisting  of  the 
Bpecimen  tlirows  the  right  "  horn-core,"  so  called,  a  little  above 
and  in  advance  of  the  left  one,  so  that  ])oth  are  seen  in  a  side 
elevation,  which  is  not  the  case  witii  the  other  pairs. 

These  animals  have  ])een  called  *' Proboscidians"  and  have  been 
supposed  to  have  liave  had  trunks,  like  'J'apirs,  if  not  like  Ele- 
phants.   Jiut  the  nasal  bones,  as  has  been  pointed  out  by  others, 

1  Curator  of  Uio  JMiiHciiin. 
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make  half  the  length  of  the  skull.  In  the  Elephants  they  are  very 
short,  and  the  width  of  the  skull  is  greater  than  the  length  from 
occiput  to  insertion  of  proboscis.  But  here  we  have  a  length  of 
thirty-eight  inches  and  a  width  of  only  ten  inches.  Granted  a 
proboscis  —  for  which  there  is  no  "insertion"  visible, —  what 
power  could  it  exert  at  the  end  of  such  a  lever? 

Again,  in  the  proboscidians  the  premaxillaries  are  very  large 
and  carry  the  heavy  incisors,  while  here  we  find  them  very  small, 
and  obviously  fitted  to  carry  a  pad  for  the  lower  incisors  to  play 
against,  as  in  the  ruminants. 

This  skull  measures  nearly  thirty-nine  inches  in  extreme  length, 
but  among  our  fragments  of  other  individuals  we  have  a  "  horn- 
core"  which  indicates  a  skull  sixty  inches  in  length. 


LOXOLQPHODON.  is 

The  upper  canines  of  this  specimen  were  in  place  when  it  was 
found,  but  were  too  fragile  for  preservation,' excepting  the  spear- 
shaped  points.  They  were  curved  much  in  the  manner  of  the 
Machairodus  canines,  but  unlike  them  they  had  a  double-ba3/onet 
section  and  no  cutting  edge. 

Of  the  lower  jaw  we  have  two  nearly  perfect  specimens,  and 
>  fragments  of  others,  so  that  we  have  the  entire  dentition, —  three 

curiously  bilobate  incisors,  a  long  diastemma,  and  six  diagonally 
ridged  molars  which  fully  justify  Mr.  Cope's  name  "Loxolophodon." 
From  these  specimens  and  Mr.  Marsh's  plates  we  are  able  to  restore 
the  lower  jaw  with  confidence. 
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This  dentition  seems  to  indicate  a  diet  of  soft  roots  and  stems, 
rather  than  of  grass,  in  the  collection  of  which  food  the  upper 
canines  doubtless  played  an  important  part,  though  it  is  not  easy 
to  see  just  what  it  was.  But  the  peculiar  position  of  the  condyles, 
they  being  but  little  above  the  line  of  the  molar  teeth,  and  pre- 
senting directly  backwards,  allowed  the  jaw  to  fall  low  enough  to 
clear  the  points  of  the  canines  and  thus  bring  those  teeth  into  ac- 
tion, as  has  already  been  pointed  out  by  others. 

The  descending  flap  of  the  lower  jaw  seems  to  be  for  a  guard 
for  them,  indicating  that  the}'  were  not  weapons  of  offence  and 
defence. 

Of  the  cervix  we  have  the  first  five  bones,  and  they  show  that 
the  neck  must  have  been  at  least  seventeen  inches  long,  quite  long 
enough,  with  the  long  head,  to  reach  the  ground. 

The  spines  of  these  vertebrae  are  small  and  weak,  but  the  size 
and  weight  of  the  head  convince  me  that  the  first  dorsals  must 
have  had  large,  strong  spines.  Our  dorsal  vertebi'ae  are  from  the 
middle  of  the  column.  There  were  probably  about  twenty  dorsals 
and  three  lumbars. 

The  pelvis  and  caudal  vertebrae  which  we  have  belong  to  Uin- 
tatlierium  Leidianum^  and,  though  not  entire,  are  sufficiently  so  to 
show  that  they  were  similar  to  those  of  Mastodon,  excepting  that 
the  caudals  show  a  much  broader  and  flatter  tail  than  that  animal 
carried. 

Our  ribs  are  mostly  fragmentary  but  are  mastodontoid  in  char- 
acter. Their  number,  of  course,  is  as  indefinite  as  that  of  tlie 
vertebrae,  and  we  nmst  borrow  the  shape  of  the  first  pair  from 
Mastodon. 

Our  scapula  is  not  in  good  enough  condition  to  show  tlie  very 
peculiar  form  of  this  bone.  Mr.  Cope  kindl^^  gave  me  a  proof 
sheet  of  his  plate  of  ^  perfect  specimen,  wliich  I  use  in  my  sketch, 
leaving  the  description  to  him. 

The  humerus  has  been  so  well  and  fully  described  l)y  Dr.  Leidy, 
that  I  shall  content  myself  with  drawing  it  and  quoting  his  remark 
that  "it  is  unique,"  as  in  fact  is  also  the  ulna,  which  with  a  large 
olecranon  has  a  cohunnar  shaft,  expanding  very  slightly  at  the  distal 
end,  in  which  it  differs  widely  from  the  elei)hants.  The  radius  is 
straight,  and  stands  almost  perpendicularly  before  the  ulna,  taking 
much  of  the  weight  of  the  humerus  on  its  broad  head,  somcvrhat 
after  the  manner  of  Hippopotamus. 
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The  bind  leg  is  much  like  that  of  Mastodon,  both  in  femur  and 
tibia,  though  the  fibula  is  placed  rather  more  on  the  outside  of  the 
tibia,  to  which  it  joins  by  a  small  round  articular  facet. 

We  have  many  foot  bones,  with  which,  and  Mr.  Marsh's  plates, 
I  can  restore  his  elephantine  feet. 

To  clothe  this  skeleton  yvith  flesh  requires,  of  course,  some  im- 
agination. As  for  the  so-called  "  horn-cores,"  I  see  no  reason  to 
suppose  that  they  ever  carried  horns,  and  the  convenient  term 
"  Dinocerata  "  is  probably  a  misnomer  ;  neither  they  nor  the  upper 
surface  of  the  skull  show  any  large  channels  for  blood  vessels, 
or  foramina  for  nerves,  and  hence  it  is  probable  that  they  had  a 
covering  of  thick  skin  only. 

The  enormous  basin  between  the  last  pair  and  the  occipital 
crest  is  also  a  problem.  I  cannot  conceive  of  it  as  empty,  I 
cannot  imagine  a  filling  for  it. 

Rejecting  the  proboscis  I  can  only  suggest  a  pair  of  large  flexi- 
ble lips,  and  it  is  probable  that  the  throat  was  much  like  that  of 
Rhinoceros. 

Certain  rugosities  on  the  temporal  bone  suggest  to  Mr.  Cope 
that  the  ear  was  large  and  elephantine. 

The  legs  were  undoubtedly  large,  and  the  tail  broad  and  flat. 


Transformations  of  Planorbis  at  Steinheim,  with  remarks 
ON  the  effects  of  gravity  upon  the  forms  of  shells  and 
animals.    By  Alpheus  Hyatt,  of  Boston,  Mass. 

fABSTRACT.] 

The  limits  of  this  abstract  do  not  permit  me  to  give  an  analysis 
of  the  work  done  b}^  the  author  at  Steinheim, ^  or  yet  of  Hilgen- 
dorfs  remarkable  essay  w^hich  led  to  these  investigations. ^  We 
both  agree  on  the  theoretical  presentation  of  the  results,  that  is, 

1  steinheim  *i8  a  village  on  the  eastern  declivity  of  the  mountains  in  the  eastern 
part  of  Wurtemburg  in  southern  Germany,  and  has  been  noted  for  many  years  for  the 
Ijeciiliar  series  of  fossil  shells  which  occur  in  great  numbers  in  the  strata  of  sand  and 
limestone  in  the  pits  close  to  the  village.  For  further  information  see  Genesis  of 
Planorbis  at  Steinheim,  by  the  author.  Anniversary  Memoirs  of  Boston  Society  of 
Natural  History,  1880. 

sUeber  rianorhis  multiformis  in  Steinheimer  Siisswasserkalk,  Monatsberichte, 
K.  P.  Akademie,  Berlin,  July,  1855,  p.  474,  1  plate. 
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in  the  opinion,  that  in  this  small  lake  in  Tertiary  times  a  large 
number  of  distinct  forms  of  very  different  aspects  were  evolved 
from  an  older  Tertiary  species,  the  Flanorbis  levis. 

Our  disagreements  though  numerous  and  interesting  involve 
minor  points,  except  in  one  important  particular. 

Hllgendorf,  whose  pamphlet  on  these  shells  is  said  by  some 
Germans  to  be  the  only  perfect  dem,onstration  of  the  doctrine  of 
evolution  of  organisms  ever  printed,  found  all  the  conditions  of 
the  problem  in  order. 

He  collected  the  parent  forms  in  the  lowest  formation,  and  all 
the  distinct  descendant  forms  of  the  series  in  the  successive 
formations  lying  one  above  another  in  their  proper  genetic  order 
and  sequence.  Thus,  not  only  did  he  trace  several  series  of 
species,  one  into  another,  through  the  formations  beginning  with 
the  lowest  and  earliest  deposited,  but  was  able  to  state  that  their 
relations  in  time  or  succession  precisely  accorded  with  their  ap- 
parent genetic  relations. 

The  evidence,  as  he  first  published  it,  and  which  he  still  asserts, 
after  renewed  investigations,  to  be  true,  is  more  perfect  than  that 
of  any  genealogical  tree. 

It  would  be  similar  to  the  genealogy  of  a  familj^,  if  we  could 
trace  the  members  back  into  geologic  times,  and  show  not  only 
that  the  existing  descendants  were  derived  from  a  common  stock, 
but  that  these  were  vastly  different  from  each  other  now,  and  from 
their  ancestors. 

My  own  observations  refuse  to  be  reconciled  with  his  so  far  as 
the  perfection  of  details  is  concerned,  and  in  my  opinion,  though 
the  evidence  is  exceptionally  perfect,  there  are  in  this  place,  as  in 
others,  the  usual  gaps  resulting  from  the  imperfections  and  the 
necessarily  fragmentary  nature  of  geological  history.  While, 
theieforo,  I  cannot  join  him  in  believing  in  the  perfection  of  the 
record,  my  results  after  all  are  not  theoretically  contradictory, 
and  I  c'ln  only  account  for  the  appeai-an(;es  by  the  same  theory 
of  tli(;  descent  of  numei'ous  specifically  distinct  forms  from  one 
species.^  'V\h\  I'esnlts  are  roughly  exhibited  on  Plate  I,  and  may 
ijc  descrilxMl  bi  itifly  as  follows.  Figs.  1,  H,  12  and  IG,  are  the 
ancestors,  varieties  (A'  Planorhis  Uvia  from  the  older  Tertiaries 
of  another  localit}',  identi'i(!d,  named,  and  kindly  sent  to  me  with 


•For  a  fiillci*  account  eco  Memoir  above  (iuotcd. 
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eleven  other  specimens  of  this  species  by  Prof.  G.  Sandberger,'* 
who  opposes  the  evolutionary  conclusions  of  both  Hilgendorf 
and  myself. 

From  these  four  varieties  spring  four  distinct  lines  of  descent. 
Fig.  1  begins  the  scries  from  2—7  in  which  of  course  numbers  of 
the  connecting  forms  are  not  figured.  Fig.  8  begins  the  series 
from  9-11  much  shorter  and  containing  fewer  forms  than  in  series 
2-7-  Fig.  12  also  gives  rise  to  a  short  series  with  only  few  forms. 
Fig.  IG,  however,  is  the  starting-point  for  a  compound  series,  or 
one  composed  of  at  least  three  sub-series,  19-20,  21-24,  and  25-28. 

The  intermediate  forms  by  which  the  gap  between  the  four 
ancestors  and  the  four  first  forms  of  each  series,  viz. :  2  and  9  and 
17,  which  occur  in  the  Steinheim  basin,  is  very  complete,  but  nec- 
essarily left  out  in  this  plate. 

Numberino:  the  series  from  left  to  ri^ht  we  see  that  Series  I  has 
three  sub-series.  Two  of  these  show  a  tendency  to  uncoil,  to 
become  distorted  and  smaller  than  the  ancestor,  fig.  16,  while  the 
third  decreases  in  size,  but  has  a  form,  fig.  20,  which  is  turreted 
like  figs.  11  and  6. 

Series  II  maintains  size  about  the  same  throughout,  but  becomes 
flatter  than  the  originating  form  fig.  12.  Series  III  grows  sensi- 
bly larger,  and  10-11  are  turreted  shells  with  a  more  ridged  and 
sub-angular  form  of  whorl  than  the  primal  form  of  fig.  8. 

Series  IV  exhibits  not  only  greater  increase  in  size,  but  vastly 
greater  diff'erences  in  form  and  in  other  characteristics  of  the  shell 
from  fig,  I,  wi^i  which  it  started. 

We  can,  therefore,  without  fear  of  error  call  series  IV  a  highly 
progressive  series ;  Series  II  a  persistent  series  ;  sub-series  3  of 
Series  I  a  partly  retrogressive  series ;  sub-series  2  of  Series  I,  a 
purely  retrogressive,  and  sub-series  1  of  Series  I  also  partly 
retrogressive ;  since,  though  it  decreases  in  size  and  becomes 
deformed  and  uncoiled,  it  also  has  a  tendency  to  produce  a  new 
characteristic,  the  transverse  ribs,  and  also  increases  in  size  its 
more  closely  coiled  forms,  as  in  fig.  26. 

There  is  also  other  testimony  going  to  show  that  this  classifi- 
cation is  correct.  Semper's  researches  on  Lymnoius  stagrialls 
show,  that  under  the  most  favorable  physical  conditions,  this  spe- 
cies increases  to  a  maximum  of  size  and  has  larger  whorls,  while 

*  The  author  of  the  most  complete  Momoii*  on  Tertiary  shells  in  existence,  Con- 
chylien  d.  Vorwclt. 

A.  A.  A.  S,,  VOL.  XXIX.  3-t 
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under  less  favorable  conditions  with  relation  to  food  and  tempera- 
ture, the  size  is  very  much  decreased. 

The  immediate  results  of  weakness,  produced  by  wounds,  arc 
also  important  in  this  connection. 

PI.  2,  figs.  21,  21a  and  22,  a  diseased  PI.  oxystomus,  var.  rever- 
tens  IIiLG.,  is  a  diseased  specimen  of  the  same  species  as  fig.  9, 
PL  1.  Compare  this  diseased,  partly  uncoiled,  shell  with  the 
species,  fig.  23,  PI.  1,  PL  denuclatus  and  niinutus. 

The  weakness  consequent  upon  old  age  is  equally  significant 
and  has  a  similar  meaning. 

PI.  2,  fig.  22,  represents  the  effect  of  old  age  in  distorting  the 
growth  of  the  outer  whorl  of  PL  oxystomus.  Compare  with  fig. 
22,  PI.  1.  These  are  true  cases  of  disease  of  comparatively  rare 
occurrence  in  PL  oxystomus.  I  have  in  my  collection  many  simi- 
lar cases  and  have  lately  found  some  diseased  shells  of  PL  irochi- 
formis,  fig.  7,  PI.  1.  These  arc  dwarfed,  and  show  a  tendency 
to  unwind  the  spiral,  so  that  they  look  remotely  like  the  begin- 
ning of  a  series  of  transition  forms  from  PL  trochiformls  to  PL 
denudatus,  fig.  24,  PI.  1. 

This  statement  is  proved  in  my  Memoir  by  numerous  in- 
stances, and  also  by  the  Magnon  Planorbis  figured  by  M.  Piret. 
Many  of  these  acknowledged  to  be  distorted  arc  precisely  similar 
to  fig.  24.  These  distortions  are  produced  at  Magnon,  France, 
undoubtedl}^,  as  in  these  other  instances,  by  the  unfavorable  phys- 
ical surroundings.  I  have  also  found  near  St.  Johns,  New  Bruns- 
wick, in  company  with  a  complete  series  of  uncoiling  Valvata, 
like  those  of  Planorbis  on  PI.  1,  Series  I,  sub-series  2,  a  number 
of  distorted  Planorbis,  the  counterparts  of  mnny  of  M.  Piret's 
figures. 

Thus  we  can  assume  without  fear  of  error,  that  the  increase  in 
size  and  the  i)rogression  of  Series  IV  were  due  to  tlie  favorable 
coudil.ions  of  the  Steinheim  basin,  for  that  series;  and  that  of 
Series  I  to  the  unfavorable  conditions,  and  the  mingling  of  char- 
actei  istics  or  of  progression  .and  retrogression  in  sub-series  3  of 
Series  I  ;  and  Series  II  and  III  to  tin;  different  extent  which  these 
seric'M  ai-e  affected,  either  fa\'orabiy  or  unfnvorably  by  tlie  same 
8un  oundings. 

Tlic  ('l\'('c\.  of  liercdity  is  seen  in  1h(!  fnct,  that  ]io\v(;ver  great 
th(j  iiiodKicalioiis,  us  in  fig.  7,  the  young  are  smooth  and  hkn  fig. 
6,  though  Km.'dler  of  course,  wliiie  th(;  young  of  fig.  G  is  similar 
to  a  suiall  copy  of  .0,  and  th(!  young  of  (ig.  5,  to  a  minialiu'e  fig.  d. 
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The  5^oung  of  fig.  4,  however,  may  be  said  to  be  like  fig.  2, 
first,  and  then  like  fig.  3  before  it  becomes  angular  as  in  fig.  4. 
There  is  also  a  very  earh^  stage  in  all  these  shells,^  which  is  a 
mere  bag  and  is  called  the  ovi-shell  or  embryonal  shell.^  The 
first  turn,  which  the  young  makes  in  growing  around  this  embry- 
onal shell,  lias  a  cylindrical  mouth  whorl  like  miniature  fig.  8, 
PI.  1. 

This  stage  is  very  prolonged  in  fig.  3,  much  shortened  in  fig.  4, 
and  still  more  restricted  to  the  internal  whorls  in  fig.  5,  though 
in  some  specimens  very  much  more  prolonged  than  in  others. 
In  figs.  6-7  it  remains  about  stationary,  the  size  and  aspect  of 
the  3'oung  being  similar  to  fig.  8  or  9  or  2,  during  the  earlier 
stages,  until  the  shell  is  between  one-hundredth  and  four-hundredths 
of  an  inch  in  diameter. 

This  is  heredity  with  acceleration,  or  the  inheritance  of  the 
characteristics  of  the  original  species,  fig.  8,  at  earlier  and  earlier 
stages  in  successive  species. 

It  is  the  same  history  with  the  characteristics  which  first  appear 
in  the  adults  of  the  series.  The  angular  form  of  the  outer  whorl 
of  fig.  4  is  often  in  PI.  tenuis  (fig.  4),  confined  to  the  outer  whorl 
or  whorls  built  during  the  adult  period  of  growth.  This  becomes 
confined  to  the  j'ounger  stages  or  inner  whorls  after  a  certain 
number  of  intervening  intermediate  generations  in  fig.  5,  and  are 
also  left  out  in  man}^  specimens  of  figs.  6  and  7,  in  whose  young 
they  are  replaced  by  the  stouter  form  and  heavier  ribs  and  ridges 
of  fig.  5. 

The  same  is  true  of  transverse  ridges  of  fig.  25. 
These  with  few  exceptions  first  appear  upon  portions  of  the 
outer  whorl. 

Then  in  successive  generations  they  appear  at  earlier  stages, 
that  is  upon  the  internal  whorls,  and  grow  larger  in  the  adults. 

The  uncoiling  tends  to  appear  in  the  same  way  first,  upon  the 
outer  whorls,  and  it  must  be  noticed,  that  in  no  case  is  the  inner- 
most of  all  the  whorls  uncoiled,  or  the  bag-like  form  of  the 
embryo  changed. 

Such  facts  show  that  heredity  has  the  power,  even  in  spite  of 
the  forces  which  changed  the  adults  of  the  Series  IV  so  completely 
in  this  locality,  to  reproduce  or  continually  rejuvenate  the  ances- 

»The  centre/'  fig.  21a,  and  fig.  8a,  PI.  2. 

8  For  enlarged  figure  of  this  early  stage  see  PI.  1,  figs.  29-30. 
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tral  type  of  smooth,  closel}^  coiled  whorls,  and  the  original  type 
of  the  bag-like  embryonal  shells. 

Nor  can  we  account  either  for  the  fact,  that  in  fig.  20  a  tur- 
reted  form  is  produced  with  longitudinal  ridges,  snlcations,  and 
all  the  marks  of  fig.  11,  though  in  a  series  evidently  very'  unfavor- 
ably affected  by  the  surroundings,  as  shown  by  the  decrease  in 
size,  nor  for  the  persistence  of  Series  II,  Avithout  recognizing 
that  in  these  series  heredity  was  fighting  a  battle  against  the 
modifying  or  unfavorable  nature  of  the  surroundings. 

It  is  undoubtedly  true,  that  in  many  cases  there  is  a  retardation 
as  well  as  an  acceleration  in  the  repetition  of  the  characteristics 
of  the  ancestor  in  the  young  of  6-7  for  example.  Thus  in  some 
individuals  the  form  of  fig.  8  may  be  held  until  the  shell  is  quite 
sizable,  four-hundredths  of  an  inch  in  diameter  or  even  larger; 
but  these  are  exceptions,  which  prove  the  rule. 

They  show  like  reversions  of  all  kinds  the  tremendoos  forces  of 
heredity  striving  to  maintain  invariability  to  reproduce  like. 

We  might  with  Ilerr  Wurtenburger  say,  that  since  some  shells 
in  the  immediate  children  of  any  pair  inherit  characteristics  later 
and  some  at  earlier  ages  than  those  at  which  they  appeared  in  the 
parents,  that  those  inheriting  them  earlier  were  stronger  and  had 
more  descendants,  and  therefore  these  having  the  development 
accelerated,  were  gradually  replacing  the  other  with  slower  devel- 
opment. 

This  sounds  well,  but  how  can  distortions  be  of  advantage,  and 
these  are  transmitted  also  with  acceleration  in  development  as  in 
Series  I,  and  there  ought  to  be  some  one  series  showing  this  later 
mode  of  inheritance,  something  I  have  as  yet  sought  in  vain. 

Again,  how  can  we  account  for  the  persistence  of  the  form  of 
PL  levis,  or  fig.  8,  in  the  3'oung  of  fig.  7,  without  taking  into 
account  also  the  cml)ryonal  shell? 

Tliis  is  present  in  nearly  all  Gasteropoda  and  CephalojKjda,  as 
well  as  in  Planoibis  at  Steinheim,  and  of  nearly  the  same  form. 

It  is  hard  to  r(,'fcr  any  such  widely  occurring  i)h(!nomcnon  to  a 
question  of  .'idvanlagc!  or  ("lisad vantnge,  unless  we  arc  also  pre- 
pared to  refer  all  vitid  plienoin(!na  to  the  sanu;  standard,  and  con- 
sent to  the  i)roposition,  that  nnimals  grov/  and  rei)ro(lucc  their  own 
like,  because  it  is  of  advantage;  to  them  to  grov/  and  reproduce  in 
this  way,  that  f.ie  uniforu),  spherical  shape  of  the  eggs  of  all 
animals  is  due  to  natural  selection  and  not  to  the  action  of  uni- 
form mechanical  force. 
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Natural  selection  certainly'  has  either  no  influence  or  only  a  verj^ 
remote  bearing,  if  an}-,  upon  such  facts  which  are  so  plainly  the 
result  of  some  uniform  law  which  acts  at  all  times  and  in  all 
places,  and  forces  the  organization  to  make  room  for  the  changes 
which  first  take  place  in  the  later  periods  of  its  life  by  accelbraling 
the  development  of  those  characteristics,  which  it  has  inherited 
from  its  immediate  ancestors.' 

This  is  not,  however,  the  case  with  the  differences  between  the 
distinct  series. 

We  cannot  answer  the  question  why  these  four  varieties  of  PI. 
levis  were  picked  out  of  a  number  of  others,  which  migrated  in 
company  at  the  same  time  and  allowed  to  survive  in  the  Steinheim 
basin,  except  b3^  the  law  of  natural  selection.  All  the  facts  sup- 
port this  view,  as  well  as  the  dying-out  of  hybrids  between  them. 

The  characteristics  which  distinguish  the  series  from  each  other 
are  the  differences  of  the  four  varieties,  and  it  is  to  the  preser- 
vation of  these  original  differences,  that  this  law  can  be  safely 
applied,  not  to  ihe  production  of  similar  forms  in  distinct  series 
like  figs.  G-11-20,  or  4  and  19. 

These  differences  are  the  flatter  upper  and  lower  sides  of  fig.  1, 
and  its  angular  outer  side  as  contrasted  with  fig.  8,  the  flatness 
and  angularity  of  fig.  12,  and  the  peculiar  stout  form,  smaller  size 
and  rounded  Avhorls  of  fig.  16. 

Tiiese  differences  are  immensely  increased  in  the  successive 
generations  of  the  different  series,  except  in  the  persistent  Series 
II,  and  even  here  they  are  slightly  increased. 

These  differences  are  apparentl}^  advantageous  to  the  varieties 
possessing  them,  and  we  can  understand  their  maintenance  in  these 
varieties  and  their  greater  increase  as  compared  with  other  va- 
rieties of  Planorbis  levis  on  this  hypotliesis. 

But  hov/  explain  the  growing  smaller  of  Series  I  in  all  its  sub- 
series,  and  the  origin  of  deformed  species? 

These  do  not  die  out  like  the  disadvantageous  differences,  which 
once  filled  the  gaps  between  the  four  ancestors  of  the  difterent 
series.  They  are  perpetuated  and  are  inherited  according  to  the 
law  of  quicker  development  or  accclei-ation  in  the  same  manner  as 
the  advantageous  characteristics  of  Series  IV  and  III,  and  like 

'These  last  arc  almost  Uie  words  of  Ilerr  Wiirtembergcr ;  but  that  they  come  fi  om 
my  own  previous  publications  may  be  seen  by  comparison  with  my  first  i)ublication  on 
this  subject— "  Parallelisms  of  Individual  and  Order  among  Tctrabranchato  JMol- 
lusks."  Memoirs  ]iost.  Soc.  Nat.  Hist.,  Vol.  J,  lSoG-7. 


534 


TRANSFORMATIONS  OF  PLANOllBIS  ; 


them  the}^  become  characteristics  of  species,  or  groups  of  forms, 
which  can  be  called  species  or  varieties  as  one  chooses. 

Like  the  inheritance  of  wounds  or  diseases,  they  tend  to  appear 
at  earlier  ages  in  successive  generations  or  become  immediately 
congenital,  and  like  them  they  are  certainly  not  advantageous  to 
the  race,  or  at  least  cannot  be  claimed  to  be  of  the  same  or  even 
similar  advantages  as  the  peculiarities  of  their  immediate  compan- 
ions in  Series  IV. 

If  one  is  healthy,  the  other  is  not,  if  one  is  under  favorable 
conditions,  the  other  is  not,  if  one  is  selected,  the  other  cannot  be, 
and3'etthe  peculiarities  of  both  are  perpetuated  alike  in  all  cases. 

Semper's  researches  on  Lymnseus  show  that  the  shells  were 
dwarfed  when  under  unfavorable  conditions  as  to  temperature, 
food,  etc.,  and  these  again  may  be  cited  here  in  support  of  the 
above. 

This  law  of  heredity  is  then'certainly  independent  of  the  ques- 
tion of  advantage  or  disadvantage,  as  well  as  of  the  physical 
character  of  the  surroundings,  since  it  takes  no  account  of  how  a 
character  becomes  fixed  in  the  organization,  but  only  of  the  fact 
that  it  is  fixed  and  proceeds  to  transmit  it  to  earlier  and  earlier 
ages,  making  in  course  of  time  a  type  either  wholly  deformed  and 
retrogressive,  or  wholl}'  well  formed  and  progressive  with  equal 
indifference.^ 

If  this  conclusion  be  the  true  one,  we  see  at  once  that  the  dif- 
ferences of  the  four  ancestral  varieties  are  acted  upon  by  natural 
selection,  only  so  long  as  there  are  competing  varieties  i)resent. 

When  the  competing  varieties  ceased  to  have  any  effect  upon 
the  descendants  of  the  successful  individuals  by  their  intercrossing 
with  them,  we  find  the  differences  like  all  other  characteristics  in- 
herited according  to  the  same  invariable  law. 

Tiie  freneral  reseml)lances  of  the  forms  in  the  different  series 
are  largely  due  to  tiie  tendency  which  each  series  presents  of  be- 
coming more  and  more  unsymmetrical  in  the  spiral  or  turreted. 

Tlius  figs.  24  and  7,  figs.  20,  11  and  C,  figs.  28  and  23,  figs.  25, 

rhyhi'-iaiiH  will  jit  ouco  Jipply  this  to  tlio  history  ol'  ('-((n^enilal  (li.-oascs,  jiud  sorno 
of  lliciii  may  i»(Mliai)H  bo  al)l(;  tofiU;  instances  where; rliscaKCs  Jiare  ai)])car('<l  in  a.-coid- 
mu'A:  Willi  ihi.H  law  jit  later  i  taic<'s  isi  tiio  dcvcloiunent  ol"  the  lieKccudaiits  ol  a  (liseat-eil 
aneestor.  I  hojK!  Honie  will  Ix:  indneed  to  eonnnnnicalo  such  c-ascH,  h'wwc  I  have  been 
trj  InX,  hitherto,  with  very  indilViireiit  HueeesH.  UmhikIi  assisted  by  the  Mass.  IJoare]  of 
Health,  to  gather  8tatibticH  of  all  eahes  in  which  lin!  approximate  ufto,  of  their  lh>t  ap- 
]iennin(:o  in  an  unccMtor  or  iKuent^  und  tliut  of  their  ai)i>eai-auuu  iu  the  ilebceudanl  oi* 
cLild,  can  be  btatcd. 


BY  ALPHEUS  HYATT. 


535 


21,  13  and  3,  present  different  degrees  of  this  phenomenon,  which 
is  generally  known  as  the  appearance  of  similar  or  representative 
forms  as  they  are  called  in  distinct  genetic  series. 

The  original  ancestors,  it  will  be  observed,  are  much  flatter  or 
more  bilateral  than  any  of  their  descendants,  and  there  are  some 
varieties  of  these,  like  figs.  24,  25,  Plate  2,  which  are  really 
bilaterally  sj-mmetrical,  that  is  not  in  the  least  degree  turreted, 
as  in  fact  are  the  3'oung  of  many  of  the  lower  species.  Not  only 
in  each  individual  mollusk,  which  has  an  unsymmetrical  shell  in 
the  adult,  is  there  a  change  during  growth,  but  in  many  groups 
there  is  a  traceable  gradation  of  forms  from  those  which  are  more 
or  less  bilaterally  symmetrical  to  those  which  are  more  or  less 
laterally  unsymmetrical. 

Darwinists  would  say  that  want  of  bilateral  symmetry  or  the 
unsymmetrical  spire  was  of  advantage  to  the  animal,  therefore  it 
was  selected  and  perpetuated. 

Now  this  statement  could  be  readily  accepted,  if  it  were  not 
for  the  "therefore"  implying  a  relation  of  causation. 

Most  of  the  characteristics  caused  by  the  physical  surroundings 
are  of  course  advantageous,  but  the  physical  forces  are  the  causes 
and  not  the  advantageous  or  disadvantaojeous  nature  of  the  char- 
acteristic. 

The  form  of  the  embryonal  shell  is  straight,  bag-like  or  swollen, 
tubular;  figs.  29-30,  PI.  1. 

The  simplest  form  of  all  is  a  disk  with  which  this  embryonal 
bag  begins,  but  this  or  the  embryonal  shell  it  is  not  necessary  for 
us  to  consider. 

The  coiled  unsymmetrical  shell  (b  a)  is  carried  above  the  foot 
(/t)  as  in  the  Helix  pomatia^  fig.  8,  PI.  2,  and  Planorbis,  fig.  8  a, 
PI.  2.  This  is  built  by  the  mantle  or  internal  soft  covering  of  the 
body  cZ,  fig.  9.  The  shell  has  been  removed,  and  the  fleshy  cone  of 
the  mantle  containing  the  stomach,  intestine,  etc.,  has  been  partly 
unrolled  to  show  that  it  was  originally  coiled  up  inside  of  the  shell. 
The  structure  of  the  shell  can  be  more  easily  understood  in  forms 
like  figs.  11,  12,  PI.  2,  where  the  mantle  is  not  so  long  and  not 
coiled,  but  builds  a  broad,  evenly  balanced,  conical  roof  above  the 
foot  as  in  the  Patella  or  Limpet.  If  this  shell  be  divided  into 
halves  and  one  half  removed  as  in  fig.  12,  the  structure  of  the 
shell  becomes  visible  and  the  relations  of  the  mantle,  cZ,  and  the 
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mantle  border,  d'^  to  each  other  and  to  the  two  layers  of  the  shell, 
€,  and  e'. 

This  animal  was  once  small  enough  to  occupy  only  the  upper 
part  of  this  cone  and  then  as  it  grew  in  size  built  the  shell  above 
itself. 

The  outer  layers,  c,  fig.  12,  the  outer  edges  of  which  are  seen 
also  on  the  surface  of  the  shell,  5a,  fig.  11,  Avere  plastered  up  one 
inside  of  the  other  hj  the  mantle  border,  cZ-f-?  which  exactly  fits 
the  last  one  formed,  and  the  inner,  longer,  layers  e'  which  simply 
serve  to  strengthen  and  support  these  are  laid  on  by  the  mantle  > 
itself,  d,  fig.  12. 

The  mantle  border  in  the  gasteropod  forms  a  sort  of  collar,  tZ-f" 
figs.  8  and  12,  PI.  2,  around  the  edge  of  the  mantle,  through  which 
the  creeping  disk  or  foot  projects  when  the  animal  is  expanded. 

The  mantle  border  among  the  lamellibranchs  c?-|-fig-  1^?  2, 
forms  a  wider  opening^  or  slit  fore  and  aft,  but  it  serves  the  same 
purpose  of  an  aperture  for  the  protrusion  of  the  foot,  when  this  is 
used  as  an  external  organ  of  motion,  fig.  18,  PI.  2. 

Any  force,  which  would  confine  or  interfere  with  the  excreting 
surfaces  of  the  mantle  border,  would  aflfect  the  form  of  the  imbri- 
cated la^'ers  e'  whicli  determine  the  shape  of  the  shell,  and  thus 
change  or  curve  the  form  of  the  cone.  The  weight  of  the  shell 
itself  or  gravitation  is  such  a  force.  If  we  try  to  account  for  the 
regularity  of  the  spirals,  whether  bilateral  or  unsymmetrical,  we 
are  struck  b}^  the  fact  of  their  great  regularity  of  curvature,  and 
that  this  regularity  can  only  be  accounted  for  as  the  result  of  some 
general  and  constantly  acting  physical  force,  which  tends  to  make 
the  bag-like,  straight  shell  of  the  3'oung  bend  first  into  a  biJateral 
spiral  and  then  into  an  unsymmetrical  spiral. 

The  force  of  gravitation  unless  counteracted  by  great  muscular 
strength,  or  the  equilibrium  of  a  perfectly  cone-sliaped,  erect  shell, 
as  in  some  mollusks,  would  make  the  growing  shell  hang  back  and 
weigh  ui)on  the  hinder  i)ortion  of  the  border  of  the  mantle,  thus 
compressing  the  excreting  surface  in  that  quarter  and  decreasing 
the  breadtii  of  the  shell  hiyers  l)uilt  l)y  this  part. 

Tliis  would  make  tiu^  sliell  assume  the  form  of  a  bent  cone  or  the  \ 
bilat(;ral  spiral  as  in  figsf  24-25,  PI.  2. 

The  unsymmetrical  8i)iral  would  Ix;  occMHioncd  ))y  any  additional 

•  S<;o  alHo  fig.  3,  ii  frchli  wat(,T  clani  (Anodonia)  tliiown  widely  oiicn. 
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inequality  in  the  weight  of  one  side  over  the  other,  which  could 
be  occasioned  by  the  distribution  of  the  heavier  internal  organs, 
particularly  of  the  stomach,  ovaries,  etc.  Any  irregularities  of 
weight  on  one  side  more  than  the  other  would,  it  is  obvious,  also 
compress  that  side  as  well  as  the  back  part  of  the  mantle  border, 
and  tend  to  narrow  the  deposits. 

This  would  occasion  a  deflection  laterally,  and  we  should  have, 
what  is  so  commonly  the  case,  a  shell  bilateral  in  the  3'oung  or  at 
the  apex  becoming  by  growth  unsymmetrical  or  spiral. 

This  explanation  is  obviously  applicable  to  the  regular  spirals, 
but  the  test  cases  are  the  irregular  spirals. 

These  occur  through  weakness  occasioned  by  wounds,  disease, 
fig.  21,  PI.  2,  or  old  age,  as  in  fig.  22,  PI.  2. 

All  of  the  distortions  thus  produced  tend  to  be  irregular,  that 
is  the  animal  becomes  too  weak  to  counteract  the  efiTects  of  the 
weight  of  the  shell  by  its  inherited  muscular  power,  and  it  falls 
over  more  or  less  to  one  side  destroying  the  regular  curve  of  the 
spiral. 

This  falling  over  to  the  side  of  greatest  weight  occasions  an 
irregularity  in  the  deposition  of  the  outer  shell  layers,  and  the 
shell  becomes  more  and  more  irregular  as  the  animal  grows  weaker 
in  old  age  or  through  disease. 

Another  proof  of  the  eff*ect  of  gravity  lies  in  the  fact,  that  the 
irregularity  of  form  of  the  shell  is  proportional  to  the  extent  to 
which  it  is  supported  and  the  excreting  border  of  the  mantle 
relieved  from  the  effect  of  its  weight. 

Thus  a  perfectly  regular  spire  in  the  young  by  being  supported, 
is  turned  into  an  irregular  meandering  tube  in  the  after  growth  of 
the  same  animal. 

Magilus  antiquus  crawls  freely  when  3'oung  among  corals  and 
has  during  this  period  a  regular  turreted  shell,  fig.  23,  ha^  PI.  2. 
It  beconoes  finally  fixed  in  the  growing  coral  which  completely 
invests  and  supports  it,  and  thereafter  its  shell  is  a  rough  irregular 
tube  growing  upwards  in  the  direction  of  least  resistance.  The 
border  of  the  mantle  being  free  from  compression  on  all  sides 
\  deposits  shell  matter  about  equally  all  around  in  the  specimen 

figured,  and  therefore  grows  upwards  in  a  straight  line. 

The  Vermitidae  are  supported  in  A^arious  degrees  in  the  adults, 
but  free  in  the  young.  Their  shells,  therefore,  though  having  a 
regular  spiral  in  the  young,  are  in  proportion  to  the  support 
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received,  transformed  into  tubes  more  or  less  meandering  after 
they  become  attached  as  in  fig.  10  a,  PI.  2,  or  loose  irregular 
spirals  rising  up  like  corkscrews  and  only  supported  on  one  side 
as  in  fig.  10. 

The  Ammonoids  and  Nautiloids  are  notable  for  the  complete 
bilateral  symmetry  of  their  spiral  shells. 

Diseased  specimens,  which  are  not  infrequent,  however,  tend  to 
become  unsymmetrical,  coiling  like  the  gasteropods,  as  is  well 
known  to  all  experienced  palaeontologists.  These  are  commonly 
spoken  of  by  Quenstedt,  and  others,  as  diseased  or  deformed  or 
sick  species. 

Once  at  the  Sorbonne  in  Paris,  Professor  Hebert,  a  distinguished 
French  palaeontologist,  showed  me  a  magnificent  series  of  uncoiled 
Cretaceous  Ammonites,  and  by  way  of  testing  these  conclusions,  I 
asked  this  question. 

"  Where,  M.  Hebert,  is  the  closely  coiled  symmetrical  form 
which  ought  to  be  found  with  these  ?  "  He  turned  to  the  other  side 
of  the  room,  and  pointed  out  the  required  form,  sa3ing,  "  There 
it  is,  I  found  it  last  summer." 

These  and  other  facts  of  a  similar  kind  indicate  that,  when 
physical  surroundings  become  unfavorable  to  any  organization,  it 
takes  on  a  certain  series  of  retrograde  transformations. 

When  they  occur  in  the  individual  in  the  decline  of  life  or  pre- 
maturely in  tlie  course  of  growth,  through  disease,  they  are  similar 
to  the  characteristics  of  whole  species,  and  even  groups  of 
degenerate  forms.  As  in  the  case  described  above,  fig.  22,  PI.  2, 
taken  from  an  aged  specimen,  but  it  is  distorted  in  the  same  way 
as  the  diseased  specimen,  fig.  21,  PI.  2,  and  the  retrogressive  or 
degraded  species  of  Series  I,  PI.  1. 

All  the  facts  corroborating  this  assertion  have  already  been 
published  and  are  too  numerous  to  be  described  in  the  limits  of  a 
paper  like  tliis. 

The  direction  of  the  spiral  is  backwards^"  or  awjiy  from  the 
mouth  in  the  Gasteropods  and  towards  the  mouth  in  the  Lamel- 
libranchs ;  in  both,  however,  it  is  in  the  direction  in  which 
gravitation  acts  with  greatest  effect. 

Tlie  Larnellibranciis  liavc  a  split  shell,  with  two  valves.  Each 
valve  is  unsymmctrically  spiral,  but  there  is  one  on  each  side  of  the 

In  the.  Cf!y)hnlopo(ls  it  Is  bfu  kwardH  also,  Init  with  the  ventral  Bide  turned  out,  tho 
rcvcrHe  of  the  gahteropod  Hpiral. 
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vertical  axis  or  axis  of  gravity  so  that  they  balance  each  other 
and  together  form  a  bilaterally  S3'mmetrical  shell,  figs.  15,  18  seen 
from  the  side  and  16,  17  from  behind;  «,  spiral  of  right  valve 
and  6,  spiral  of  left  valve. 

The  spiral  and  the  outlines  of  the  valves  are  equal  on  either 
side  except  in  those  forms  whicli  change  tlie  vertical  axis  and  lie 
habitually  on  one  side. 

These  are  deformed  and  unequal ;  the  deformation  is  in  accord- 
ance with  the  amount  of  support  and  the  resistance  of  the  sur- 
roundings. 

Thus  oysters  may  grow  to  the  right  or  left  or  very  irregularly, 
fitting  the  curvature  of  surface,  fig.  13,  PI.  2.  In  the  3'oung  the}" 
are  free  moving,  bilaterally  sj'mmetrical  and  for  a  time  attached 
b}"  a  bj'ssus,^^  and  then  lie  over  on  one  side. 

Their  symmetry  is  precisely  accordant  with  these  changes  end- 
ing with  having  the  lower  valve  permanently  attached  and  larger 
and  more  concave  than  the  upper. 

Fig.  14,  PI.  2,  shows  the  outlines  of  a  clam  shell  above  that  of 
an  oyster  shell,  and  both  in  their  real  positions  for  comparison 
with  each  other,  the  beaks  of  the  clam  shell  being  upon  the  back 
and  those  of  the  oyster  shell  across  the  anterior  or  mouth  end  of 
the  animal,  w^hicli  has  built  the  shell.  The  positions  of  the  mouth 
in  each  animal  are  shown  at  Z,  /. 

Fig.  18,  PI.  2,  shows  one  side  of  a  clam  supposed  to  be  buried 
in  the  mud  with  the  siphons  extended  to  the  surface  and  the 
mantle  border  or  shell  building  organ  d-\-,  and  the  digging  foot  A", 
in  their  natural  expanded  condition. 

What  are  the  changes,  wliich  can  take  place,  in  a  member  of  the 
oyster  family  by  change  of  habit  Qr^^^  animal  of  this  family, 
■which  is  always  uns3'mmetrical  when  lying  on  one  side,  have  a  dif- 
ferent position  and  thus  return  to  the  normal  condition  and  have 
valves  which  are  symmetrical  and  bilateral  ? 

1' Tlie  common  mussel,  fig  15,  Mytilus  edulus,  vemaina  in  the  condition  throughout 
life,  h'  byssus. 

12  The  effects  of  change  of  habit  have  lately  been  followed  out  by  Dr.  Anton  Dohrn  in 
an  essay  in  which  he  shows  the  results  of  change  of  function  induced  by  new 
conditions  to  be  the  transformations  of  the  organs  themselves.  His  hypotlicsis  states 
that  new  habits  bring  about  or  induce  the  organs  to  exercise  ;  pparenlly  new  functions, 
■which  were  latent  or  only  partly  developed  under  the  original  conditions  of  the  sur- 
roundings. 

See  Der  Ursprung  und  d.  Priucip  des  Fuuctiouswechsel,  by  Dr.  Anton  Dohrn, 
Leipzig,  1875. 
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This  question  is  answered  by  Lima,  one  of  the  same  group  as 
the  oyster,  a  free  swimmer  but  also  burrowing  into  sponges  as 
the  clam  does  into  the  earth.  This  change  of  habit  produces  a 
corresponding  change  in  symmetry,  and  it  becomes  like  the  clam 
also  perfectly  bilateral,  fig.  16,  PI.  2. 

On  the  other  hand,  can  one  of  the  fresh-water  clams,  fig.  3,  17, 
PI.  2,  which  are  the  reverse  of  the  Ostreadse,  being  almost  inva- 
riably free  moving  or  burrowing  and  habitually  bilateral,  become 
attached,  and  if  so  does  its  shell  become  distorted  like  that  of  an 
oyster  ? 

The  answer  to  this  is  MuUeria  and  genus  JEgeria.  Mulleria, 
fig.  19,  becomes  attached  and  is  distorted  so  as  to  resemble  the 
03'ster  and  not  only  that,  but  the  animal  changes,  since  there  is 
but  one  large  muscle,  as  in  the  oyster,  fig.  1,  PI.  2,  in  place  of 
the  two  muscles  used  to  close  the  shell  in  the  clams  (/,  g ;  fig.  18, 
PI.  2,  and  the  beaks  of  the  shell  have  shifted  from  the  middle  of 
the  back  to  the  anterior  end.  Probably  all  attached  animals 
show  this  tendency.  Their  attached  and  supported  parts,  the 
bases  of  the  stems,  etc.,  are  irregular  in  form  and  growth,  and  their 
free  upper  parts  more  or  less  laterally  symmetrical.  The  radiate 
symmetry  of  the  soft  bodies  of  corals  and  of  the  harder,  plate- 
covered  cups  of  the  Crinoids,  the  attached  parts  of  the  Ascidians 
as  compared  with  their  freer  bodies  above  ;  the  perfect  bilateral 
symmetry  of  the  free  moving  parts  of  the  moUusca,  as  in  the 
Helix,  fig.  8,  PI.  2,  and  Planorbis,  fig.  8a  as  compared  with  their 
supported  spiral  shells,  the  same  perfection  in  the  free  Eolis,  fig. 
2,  PI.  2,  which  has  no  shell  in  the  adult,  and  in  most  of  the  Ptero- 
pods,  fig.  7,  PI.  2,  free  swimming  animals,  as  well  as  in  the 
Cephalopods,  fig.  5,  PI.  2. 

One  of  the  best  proofs  of  this  position  lies  where  it  is  least  to 
be  expected.  The  Brachiopoda  are  attached  by  a  peduucle,  or 
fleshy  stem,  and  the  u[)per  valve,  and  not  the  lower,  is  tlic  larger, 
just  the  reverse  of  the  oyster. 

Upon  oxainiuM-tion,  however,  it  is  found  that  it  is  the  upper  valve 
whicli  is  held  hy  tlie  perluncle  and  the  lower  valve  Jilone  opens 
and  <;loHcs.  Then  again  Lingula,  another  tyi)e  of  Brachiopod, 
wliich  is  not  fixed  by  its  peduncle,  ])ut  simply  occupies  a  sand 
burrow,  and  can  move  its  valves  sidewise,  one  over  the  other,  lias 
cfjual  valves.  Prof.  K.  S.  Morse's  investigations  have  shown  that 
the  symmetry  in  these  animals  changes  from  a  worm-like  ui)right 
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young  of  three  rings  or  segments,  nnd  becomes  laterally  sym- 
metrical b}^  subsequent  changes  in  the  form  of  the  first  and  second 
segments,  tlie  third  changing  into  the  peduncle.  Here  then  a 
round  worm-like  form  exchanges  its  cylindrical  shape  for  a  flatter 
shell-covered  body  in  two  of  its  segments,  which  become  bent  over 
into  a  horizontal  position  while  the  third,  which  remains  vertical, 
retains  the  original  round  tubular  form. 

The  Anomia,  figs.  31,  32,  PI.  2,  presents  a  series  of  changes 
ver}^  similar  in  tlieir  meaning,  though  this  animal  is  closely  allied 
to  the  oyster. 

It  has  the  lower  valve  flat,  resting  upon  and  taking  the  form  of 
the  surface  upon  which  it  grows.  The  upper  valve,  6,  figs.  30-31, 
is  convex  and  larger  than  the  lower  concave  valve,  a,  fig.  30,  and 
is  supported  by  a  plug  7i",  passing  through  the  lower  valve.  In 
this  case  in  which  also  the  upper  valve  is  the  larger,  it  is  this 
which  receives  the  direct  support  of  the  attached  plug. 

The  3'oung  are  at  first  free,  then  attached  by  a  byssus.  Figs. 
26,  27,  show  the  right  and  left  valves  at  an  age  when  the  animal 
has  fallen  over  on  the  right  side,  and  the  notch,  fig.  27,  begins 
to  be  formed. 

Fig.  28  shows  how  the  lower  valve  continues  to  build  out  around 
the  notch  towards  the  anterior  end,  and  in  figs.  29  and  30,  it 
becomes  complete.  This  greater  demand  upon  functional  activity 
of  the  lower  side  of  the  mantle,  and  the  fact  that  this  is  the 
movable  valve,  explain  why  it  is  not  larger  than  the  upper  valve 
as  in  the  oyster. 

As  was  pointed  out  to  me  by  Mr.  J.  S.  Kingsley  the  growth 
of  the  upper  and  lower  valves  sidewise  is  really  an  effort  on  the 
part  of  the  animal  to  recover,  by  lateral  growth  in  a  new  direction, 
the  symmetry  lost  when  it  fell  over  on  its  side.  Any  one  com- 
paring figs.  28  and  31-30  will  see  that  the  long  axis  of  the  form 
in  fig.  31  is  at  right  angles  to  what  it  is  in  fig.  27. 

I  shall  call  this  tendency,  to  equalize  the  form  in  the  direction 
of  a  horizontal  plane,  geomalic;  the  downward  tendency  of  the 
growth  being  designated  by  botanists  geoti'ojnc. 

The  Anomia,  when  it  falls  over,  loses  its  bilateral  symmetry, 
because  the  right  and  left  sides  become  upper  and  lower,  and 
being  in  the  vertical  position,  they  are  unequally  aflfected  by 
gravity  and  by  change  of  function.  At  the  same  time  the  dorsal 
and  ventral  sides,  which  were  before  vertical,  have  become  hori- 
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zontal ;  and  the  geomalic  growth  of  the  ventral  side,  in  order  to 
restore  the  lost  equilibrium  in  a  horizontal  direction,  at  once 
begins.  This  does  not  attain  perfect  lateral  symmetry.  The  form 
of  the  animal  cannot  be  easily  changed,  and  the  dorsal  and  ventral 
sides  are  still  distinguishable  ;  therefore,  it  is  necessary  to  call 
this  tendency  of  the  growth  by  a  new  name,  so  that  we  can  speak 
of  the  dorsal  and  ventral  as  well  as  the  right  and  left  sides  as 
having  the  same  tendency  to  assume  by  geomalic  growth  the 
natural  and  inevitable  conditions  of  equilibrium.  The  experienced 
observer  will  at  once  think  of  many  apparent  violations  of  this  law. 

Many  larval  forms  of  Gasteropods  begin  to  build  the  spiral,  while 
they  are  still  within  the  egg,  or  still  free  swimming  animals. 

Balfour  states,  in  his  masterly  summary  of  Comparative  Em- 
bryology that,  during  an  early  larval  period,  "in  most  Gasteropods, 
the  shell  and  mantle  extend  much  more  to  the  left  than  towards 
the  right  side  and  that  the  commencement  of  the  spiral  shell  is 
thus  produced."  This  same  explanation  applies  to  the  falling 
over  on  one  side  of  the  j^oung  Anomia  and  oyster,  in  so  far  as  the 
side  upon  which  they  fall  is  heavier  than  the  other  or  upper  side. 

These  seem  to  be  readily  accounted  for  as  the  direct  results  of 
hereditary  peculiarities  which  have  arisen  in  their  ancestors  and 
become  embryonic  through  the  action  of  the  law  of  quicker  de- 
velopment or  acceleration  explained  above,  and  into  the  same 
category  comes  also  the  straight  anomalous  bag-like  shell  or  plate 
of  the  embryo,  and  the  split  bivalve  shell  of  the  young  oyster, 
which  according  to  Professor  Brooks  is  never  an  embryonic  plate 
as  in  other  Lamcllibranchs. 

Any  and  all  of  these  anomalies  might  be  produced  during  these 
earlier  stages,  as  the  results  of  direct  inheritance  during  the  pro- 
tected periods  of  growth  in  tlie  young. 

Tiic  cases  of  lanthina  and  spiral  shelled  Ptcropods  which,  being 
free  and  having  the  shell  pendent  in  the  water,  ought  to  have  per- 
fectly bilateral  or  balanced  shells,  are  however  not  explicable  on 
tliis  liypotliesis,  unless  it  can  Ije  shown  that  they  are  highly  spec- 
ialized pelagic  forms  descended  from  the  ordinary  creeping  gas- 
teropods or  their  larva,  and  still  holding  in  some  persistent 
species  their  modes  of  growth. 

Balfour    summarizes  our  knowledge  of  these  forms  as  follows  : 

»  Comparative  Embryology,  vol.  1,  p.  190. 
»«  Op.  cit.  p.  100. 
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*'  Although  many  of  the  adult  forms  are  S3^mmetrical,  there  is  very 
early  asymmetry  visible  in  the  larva,  showing  that  the  Pteropods 
are  descended  from  asymmetrical  ancestors." 

He  writes,  on  page  198,  with  relation  to  the  remarkable  free 
swimming  forms  of  the  Heteropods  or  Nucleobranchs,  that  "  they 
have  larvae  like  ordinary  Gasteropods."  Carinaria,  one  of 
these  Nucleobranchs,  floats  in  the  open  sea  and  has  the  shell 
down,  but  unlike  the  Pteropods  with  swimming  wings  as  in 
fig.  7,  PI.  2,  they  have  a  long  foot  above  the  shell  containing 
most  of  the  organs  of  the  body. 

It  is  a  very  significant  fact  that  the  young  shell  in  this  and 
several  other  Heteropods  is  spiral  before  it  assumes  the  boat-like 
bilateral  symmetry  of  the  later  stages  of  growth. 

Other  genera  show  that  the  spiral  shell  may  persist  in  the  same 
way  until  quite  a  late  period  of  individual  development  and  the 
shell  still  become  subsequently  bilateral  as  in  Atlanta. 

The  Nucleobranchs  have  also  other  peculiarities  which  indicate 
that  they  are  degraded  or  highly  specialized  forms  descended  from 
ordinary  shell-covered  MoUusca. 

Among  MoUusca,  the  Cephalopods,  which  have  very  light  cham- 
bered shells,  have  always  from  their  first  appearance  in  the  Cambrian 
possessed  bilateral  spirals,  except  in  diseased  forms  and  degraded 
species  resembling  them.  The  Gasteropods,  a  crawling  type  with 
their  solidl}'  filled  cones  carried  above,  have  had  the  shells  covering 
the  part  generally  deflected  into  unsymmetrical  spirals,  with  the 
apex  canted  backwards,  for  an  almost  equally  prolonged  period. 
The  Lamellibranchs,  a  burrowing  type  also  very  ancient  in  origin, 
have  split  and  movable  shells,  the  apices  and  the  spiral  reversed, 
pointing  anteriorly  so  far  as  the  animal  is  concerned,  but  still 
held  in  precisely  the  direction  they  ought  to  assume,  if  their 
growth  were  determined  by  gravitation.  All  of  these  facts  are 
very  favorable  to  the  assumed  proposition. 

If  we  consider  the  growth  of  any  body  with  reference  to  its 
fixed  hereditary  form  and  also  to  its  relations  to  gravity,  we  find 
that  eff"ort  must  necessarily  be  in  six  directions. 

Vertical  against  gravitation,  and  down  with  gravitation,  laterally 
to  the  right  and  left  for  the  attainment  of  equilibrium,  and  forward 
and  backward  in  the  direction  of  locomotion. 

The  forces  being  thus  unequally  divided  must,  if  they  have  any 
efiect,  necessarily  tend  to  produce  a  difference  in  symmetry  between 
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the  bases  and  the  parts  above  ;  and  supplement,  if  they  did  not 
primarily  determine,  the  differences  which  have  arisen  between  the 
upper  and  lower  sides  of  animal  bodies. 

The  same  proposition  must  in  some  measure  be  true  of  any 
animal  whatever  in  the  direction  of  the  true  vertical  axis  which 
passes  through  its  centre  of  gravity  and  the  centre  of  the  earth. 

The  fact  will  be  granted  that  nearly  all  animals  and  plants 
differ  in  these  parts  above  and  below,  whether  gravitation  be 
admitted  as  one  of  the  causes  of  this  or  not. 

The  force  of  gravitation  will  act  equally  at  all  equal  distances, 
to  the  right  and  left  of  a  vertical  plane  passing  through  the  centre 
of  gravity,  and  the  axis  of  the  form. 

The  axis  of  the  form  must  necessarily  be  the  median  line  drawn 
through  the  morphological  centre  of  the  external  outlines,  and  a 
plane  passed  through  this  axis  and  through  the  centre  of  gravity 
divides  the  body,  in  almost  all  free  moving  animals,  as  nearly  as 
possible  into  halves. 

At  all  equal  distances  from  the  centre  of  gravity  on  either  side 
of  this  plane,  the  attraction  ought  to  produce  equality  in  the  effort 
to  use  the  organs  of  both  sides,  for  the  support  or  movements  of 
the  body.  That  this  effort  would  result  in  the  bilateral  growth  of 
the  limbs,  etc.,  cannot  be  definitely  proven  ;  but  a  fact  most 
significant  in  this  direction  is  the  origin  in  pairs  of  so  many 
of  the  external  and  internal  organs  and  parts.  These,  which 
are  in  many  cases  derived  from  what  are  at  first  folds  of  the 
endoderm  as  are  the  glandular  organs,  liver,  etc.,  or  from  external 
budding  or  folds,  arise,  like  the  limbs  in  pairs,  except  when  they, 
as  in  the  case  of  the  median  fins  of  fishes  and  batrachians,  the 
allantois  and  bladder  or  the  alimentary  canal,  are  situated  in 
tlie  mc'dijin  vertical  plane. 

liergemann  and  Louckart  in  their  compendious  work  "  Anatom.- 
pliysiolog.  Uebersicht  d.  Thicrreiclis,  Stuttgart,  1852,  p.  390 ; 
Ciin[)t('r  on  "  Die  Vcrtlieilung  des  Gewichts  in  beweglichen  Tiiicr- 
korpcr,"  tiiough  offering  no  explanation  of  tiie  facts,  describe  the 
(list)  ihution  of  the  organs  according  to  tlieir  weight  and  their 
Ijilfiteral  relations,  and  announce  that  this  is  an  essential  condition 
of  fdl  effective  motion.  "  Kine  andere  Kini  ichtung  wiii'de  einen 
nut/Josen  Kraftverl^rauch  zur  Folge  lia])en,  die  Bewegung  behin- 
dcrn  ofler  gar  unmoglich  machen."  "  Another  arrangement  would 
})e  followed  by  a  useless  expenditure  of  force,  and  either  hinder 
locomotion  or  make  it  impossible." 
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As  a  fact,  however,  exact  bilaterality  is  rarely  attained.  The 
sides  are  used  differently  in  many  animals  producing  as  in  man 
greater  growth  on  the  right  than  on  the  left,  and  in  the  lobster, 
fiddler  crab,  etc.,  considerable  differences  between  the  large  claws 
of  either  side. 

These  cases,  in  which  the  effects  of  effort  are  apparent,  also 
help  us  to  understand  how  the  great  want  of  symmetry  between 
the  anterior  and  posterior  ends  arises  in  all  animals  in  which  the 
axis  of  the  form  is  at  right  angles  or  inclined  to  that  of  gravity. 
It  is  of  course  undeniable  that,  so  far  as  gravity  can  have  an}^  effect^ 
the  anterior  and  posterior  ends  of  any  horizontal  body  ought  to  be 
in  equilibrio  as  are  the  sides,  unless  functions  of  these  two  por* 
tions  acted  so  as  to  produce  the  inequality^  which  in  most  animals, 
distinguishes  them. 

The  mouth  end,  whicli  is  in  constant  use  for  the  seeking  of  food, 
which  first  encounters  danger,  etc.,  naturally  becomes  through 
these  efJbrts  the  seat  of  all  the  organs  relating  to  these  most  im- 
portant functions. 

If  we  add  to  this  as  a  result  of  the  same  cause  the  tendency  of 
the  limbs  to  be  concentrated  towards  the  head,  and  the  inevitable 
increase  of  the  power  and  size  of  the  cephalic  ganglia  tlirough  use, 
we  have  sufficient  cause  for  the  appearance  of  tlie  head  in  the 
Gasteropoda,  food-seeking  animals,  as  contrasted  with  Lamelli* 
branchs,  and  with  many  divisions  of  sedentary  animals,  which 
like  them  are  so  organized  that  they  also  have  their  food  wherever 
water  flows  past  them  loaded  with  minute  forms  of  larva,  Protozoa 
and  microscopical  plants. 

The  same  effort  to  use  the  mouth  perpetually  in  free  moving 
animals,  which  brings  that  end  forward,  must  eventually  lead  to 
this  concentration  of  organs  and  functions,  and  perhaps  to  their 
origin  primarily  in  this  part  of  the  body,  as  well  as  to  the  enlarge- 
ment and  functional  perfection  of  the  brain,  and  the  increasing 
discriminative  powers  of  the  surfaces  in  whicli  dwell  the  senses  of 
sight,  hearing,  taste  and  smell. 

When  there  is  less  functional  difference  in  the  use  of  the  two 
ends  as  in  the  common  earth  worm  and  many  other  worms,  and 
particularly  among  those  spindle-shaped,  globe-like  and  spiral- 
form  Protozoa,  some  of  which  carry  the  mouth  in  the  centre,  tliere 
is  a  greater  likeness  of  the  two  extremities,  and  the  geomalic  ten- 
dencies of  the  forward  and  hinder  ends  become  more  apparent. 
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The  rounded  and  fnsiform  outlines  of  the  Diatoms  and  the 
peculiar  forms  of  Desmids  and  of  the  Protozoa  show  that  when  the 
two  ends  of  an  organism  are  not  distinguishable  functional!}^, 
the}'  are  apt  to  be  in  equilibrium  in  the  same  proportion  as  the  sides  ; 
and  that,  as  in  Volvox  and  many  other  forms,  there  may  be 
spherical  symmetry  more  perfect  than  that  of  a  primitive  cell. 

It  also  ought  never  to  be  forgotten  that  the  materials  in  the  egg 
arrange  themselves  according  to  the  laws  of  gravity,  and  with  few 
exceptions  the  germinative  disk  at  first,  whether  elongated  or 
rounded,  has  equal  ends  as  well  as  sides. 

This  problem  has  not  been  approached  among  animals  as  it  has 
among  the  plants  by  Sachs,  Darwin  and  others,  and  we  do  not 
know  how  to  distinguish  between  the  direct  effects  of  gravitation 
upon  the  growth  of  any  animal  at  any  one  stated  period  of  its  life, 
and  the  effects  of  the  proximate  causes  arising  from  the  inherent 
tendencies  of  heredity. 

Notwithstanding  these  imperfections  in  the  evidence,  and  the 
absence  of  experimental  proof,  it  has  appeared  to  me  that  the 
discussion  of  this  question  would  not  be  without  usefulness  in 
calling  attention  to  what  seems  to  me  one  of  the  most  fruitful 
lines  for  experimental  research.  This,  though  now  attracting 
much  interest  among  botanists,  on  account  of  Sachs'  experiments 
and  Darwin's  last  book,  is  neglected  by  zoologists. 

In  conclusion,  permit  me  to  summarize  what  I  have  endeavored 
to  condense  in  this  brief  communication. 

I  have  tried  to  show  the  results  of  the  study  of  the  history  of  a 
single  species,  PI.  levis,  and  its  evolution  into  many  distinguishable 
forms  of  which  14-19  may  with  justice  be  called  by  different  names 
and  considered  as  distinct  species. 

I  have  also  striven  to  bring  into  comprehensible  shape  the 
following  conceptions. 

First,  that  the  unsymmetrical  spii  al  forms  of  the  shells  of  these, 
and  of  all  the  mollusca,  probably  resulted  from  the  action  of  the 
laws  of  iKM'cdity,  modified  by  gravitation. 

Second,  that  there  are  many  characteristics  in  these  shells  and 
in  other  groups  which  are  due  solely  to  the  uniform  action  of  the 
physical  influence  of  the  immediate  stirioundings,  varying  with 
eveiy  change  of  locality,  but  constant  and  uniform  within  each 
locality. 

Thii-d,  that  the  Dai  winian  law  of  Natural  Selection  does  not 
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explain  these  relations,  but  applies  only  to  the  first  stages  in  the 
establishment  of  the  differences  between  forms  or  species  in  the 
same  locality.  That  its  office  is  to  fix  these  in  the  organization, 
and  bring  them  within  the  reach  of  the  laws  of  heredity. 

Fourth,  that  after  this  is  done,  they  are  inherited  according  tO' 
the  law  of  heredity  with  acceleration,  which  shows  us  in  what 
manner  these  differences  and  all  other  inheritable  characters,, 
however  originated,  may  with  greater  or  less  rapidity,  become- 
incorporated  in  the  3'oung  of  descendant  forms  and  species. 

Fiftli,^^  that  in  these  earlier  stages  they  are  more  or  less  protected 
from  change  and  may  therefore  remain  comparatively  invariable 
through  long  periods  of  time,  or  may  be  exposed  to  great  changes 
in  exceptional  cases  and  modified  accordingly. 

Sixth,  that  these  phenomena  show,  that  in  growth,  reproduc- 
tion, and  heredity  by  acceleration,  there  is  manifested  a  decided 
reaction  of  tlie  organism,  which  succeeds  in  building  up  and 
maintaining  the  type  structure  and  form,  under  all  ordinary  or 
normal  terrestrial  conditions,  but  in  some  cases  fails  in  fully 
accomplishing  this  when  exposed  to  exceptional  surroundings,  as 
in  some  cases  of  parasitism. 

Seventh,  that  gravity  appears  to  be  one  of  the  causes  of  the 
differences  in  , effort,  function  and  anatomy  observed  between  the 
sides  or  ends  of  animal  forms  when  in  vertical  relations  to  each 
other  and  to  the  earth,  whether  these  be  the  anterior  and  posterior 
ends  of  the  form,  or  the  dorsal  and  ventral,  or  the  left  and  right 
sides. 

Eighth,  that  the  bilateral  or  geomalic  growth  observed  in  the 
internal  organs  and  the  external  parts  of  organism  when  their 
sides  are  in  their  original  and  hereditary  positions,  and  the  geo- 
malic growth  of  the  dorsal  and  ventral  sides,  wlien  these  become 
horizontal  through  change  of  habit,  appear  to  be,  directly  or  in- 
directly, responses  to  the  demands  of  gravity. 

Ninth,  the  origin  of  the  limbs,  etc.,  in  pairs  while  mere  buds, 
is  difficult  to  account  for,  if  they  are  not  considered  as  the  results 
of  the  efforts  of  the  tissues  of  animals  to  maintain  the  equipoise 
of  all  the  parts  by  geomalic  growth  in  obedience  to  the  laws  of 
gravity. 

15  The  fifth  and  sixUi  propositions  are  not  discussed  in  this  communication  for  want 
of  space,  but  were  jciven  in  the  Memoir  on  Steinheim  Shells  above  quoted  and  in  the 
evening  lecture  of  which  this  is  an  abstract. 
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EXPLANATION  OF  LETTERS. 


a,  right  valve,  h,  left  valve,  ba,  shell.  c>  hinge  area,  c',  hinge 
ligament,  d,  mantle.  d-\-  mantle  border,  d',  inner  limit  of 
mantle  border,  d",  pallial  line  or  trace  made  by  d'  on  the 
inner  side  of  the  valves,  dx,  siphon  or  double  funnel  of 
clam,  e,  outer  layers  of  shell  built  by  the  mantle  border. 
e',  inner  layers  of  shell  built  by  the  mantle  itself.  /,  beaks 
or  young  valves,  still  remaining  to  form  the  beaks  of  the  two 
valves,  fa,  right  beak,  fb,  left  beak.  beak,  apex,  or 
young  shell  of  Gasteropod  still  remaining  at  the  centre  of 
the  spire  in  Gasteropods.  g,  impression  or  mark  made  by 
the  posterior  adductor  muscle  on  the  interior  of  the  valves. 
g',  position  of  anterior  adductor  muscle,  shown  through  the 
shell  only  by  a  dotted  line,  h,  depression  or  hole  made  by 
the  byssus  or  byssal  plug  in  the  lower  valve  of  Anomia. 
h',  byssus  of  threads,  h'',  byssal  plug,  k,  foot  or  crawling 
•disk,  k',  tentacles  or  feelers,  k",  division  between  foot  and 
head.  I,  position  of  the  mouth,  m,  palpi,  or  flaps  for  coh- 
veying  the  food  into  the  mouth,  m',  right  pair,  m''  left 
pair,    n,  gills,    n',  right  pair,    n",  left  pair. 

PL4TE  1. 

The  specimens  from  Undorf  all  belong  to  an  older  tertiary  period  than 
that  at  Steinheim.  PI.  1  is  copied  from  PI.  9  of  Memoir  above  quoted, 
except  figs.  29-30. 

Series  IV. 

1,  PI.  levis,  Undorf. 

2,  "   Steinheimensis,  Steinheim. 
tenuis, 

O  ((  

'  Steinheimens 

4,  "  tenuis, 

5,  discoideus, 
trochiformis, 
discoideus, 

trochiformis,  *' 
Seiuks  III. 
levis,  Undorf. 

oxystornus,  Steinheim. 
sii])remus,  " 
var.  turrita,  " 

SKltlEH  II. 

levis,  Undorf. 
cicscens,  ^ 


Nam 


G, 
7, 

8, 
9, 
10, 
11, 

12, 

1:5, 


is,  5 

I 


l^ai'vus, 
cre.scens, 


Steinheim. 


H  wi  ittcn  ill  thi8  way  iii'licitc  Uio  IraiiHiiio  1  IcWnis,  as  in  lliifi  case  the  VuHeiy 


connecting  filcinliciiiienHiH  with  tejiuis. 
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Series  I. 
Sub-series  3. 

Fig.  16,  PI.  levis,  Uuclorf. 

minutiis,  •> 
"  "  T5?ii^fsteinheim. 

"  18,  "  miuutus,  " 
*«  19,  "  triquetrus,  " 
il     20,  '* 

Sub  SERIES  2, 
21,   "  minutus,  Steinheini. 
denudatus,  •) 


22, 
23, 
24, 


minutus, 
denudatus, 
minutus, 
denudatus, 


var.  dis tortus,  5 

Sub-series  1. 

costatus, 


costatus,  ■) 

"  26,  "  costatus,  " 
"  27,  "  costatus  var—  " 
"     28,        costatus  var—  " 

"  29,  Doto  coronata?  young  showing  the  oval  shell  and  the 
swimming  organ  or  velum  from  above.  V,  velum, 
y,  eyes,  p,  operculum,  the  hinged  disk  used  in  closing 
the  opening  of  the  shell  when  the  velum  and  foot  /t', 
are  drawn  into  it  as  the  animal  retracts.  The  mouth  is 
indicated  by  the  black  spot  near  the  centre  of  the 
velum. 

"     80,  View  of  the  same  taken  partly  from  the  side. 
PLATE  2. 

1,  Left  or  lower  valve  of  Oyster  (fig.  136). 

2,  Eolis  seen  from  above  (after  Adams). 

3,  Anodonta  with  shell  open. 

4,  Young  of  Oyster  (after  Brooks),  abdominal  view. 

5,  Loligo  pallida  (after  Verrill),  dorsal  view. 

6,  Limax,  side  view. 

7,  Cavolina,  dorsal  view  (after  Brown). 

8,  Helix,  seen  partly  from  the  under  side. 

9,  The  same  with  the  shell  dissolved  by  acid,  showing  the  conical 

bag  of  the  mantle  partly  unwound. 

10,  Vermetus  tricarinatus,  group  of. 

10a,       "      a  broken  specimen  winding  about  on  a  shell  of  Lima. 

11,  Patella,  diagram  showing  relation  of  shell  to  the  crawling  disk. 
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On  the  Study  of  Comparative  Anatomy  as  a  part  of  the  Med- 
ical Curriculum.  By  Harrison  Allen,  of  Philadelphia,  Pa. 
If  I  am  correctl}^  informed,  the  meetings  of  this  Association 
prove  valuable  to  its  members  not  only  by  reason  of  the  facilities 
afforded  for  the  announcement  of  discoveries,  but  also  by  the  oi> 
portunities  presented  to  teachers  and  others,  interested  in  educa- 
tion, to  discuss  the  best  methods  of  conducting  courses  of  instruc- 
tion in  natural  science.  It  occurred  to  me  in  this  connection  that 
a  short  account  of  an  experiment  in  teaching  comparative  anatomy 
to  medical  students  might  not  be  unwelcome,  particularly  since 
the  experiment  was  conceived  upon  the  didactic  plan,  and  is  now 
finished.  I  desire  to  emphasize  the  didactic  nature  of  the  experi- 
ment, for  It  is  not  likel}^  that  a  similar  series  of  lectures  will  again 
be  given, —  at  least  while  the  drift  of  opinion  for  demonstrative 
teaching  conjoined  with  laboratory  work  continues  to  be  so  influ- 
ential. 

Comparative  anatomy  was  founded  by  John  Hunter,  a  prac- 
tising physician  and  surgeon.  The  researches  of  this  remark- 
able man  tended  at  all  times  toward  his  own  profession.  With 
him  the  study  of  the  structure  of  animals  was  a  part  of  the  self- 
imposed  task,  the  performance  of  wliich  made  him  not  only  the 
great  comparative  anatomist  and  physiologist,  but  the  great  sur- 
geon as  well.  No  name  is  more  revered  in  the  annals  of  English 
medicine  than  that  of  Hunter  —  Harvey  alone  excepted.  It  is 
doubtless  largely  owing  to  this  circumstance  that  comparative 
anatom}^  has  so  long  held  a  place  in  the  medical  curriculum  of  the 
British  schools,  and  that  the  institutions  in  this  country,  based 
upon  the  British  model,  early  introduced  it.  The  University  of 
Pennsylvania, — which  imitated  the  University  of  Edinburgh, — in  its 
early  history  essaj^ed  such  a  course  of  instruction,  but  subsequent- 
ly abandoned  it.  The  McGill  University,  at  Montreal,  naturally 
imbibed  the  English  methods  of  tcacliing.  It  yet  continues  to  exact 
of  her  candidates  for  the  medical  degree  satisfactory^  proof  that  they 
possess  a  fair  knowledge  of  the  anatomy  of  the  lower  animals. 
In  our  colleges  efforts  have  from  time  to  time  been  made  to  intro- 
duce comparative  anatomy  but  without  the  exercise  of  any  great 
vigor.  As  a  rule  it  may  be  said  its  claims  have  been  ignored,  and 
indeed,  for  various  reasons  actively  attacked.  The  objections  thus 
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far  urged  have  comel'rom  three  separate  directions.  First,  from 
the  teachers  in  the  preparatory  school's,  who  claim  that  the  study 
of  animal  structure  and  habit  should  be  completed  before  the 
student  matriculates  in  medicine.  Second,  from  physicians  in- 
terested in  comparative  anatomy,  who  do  not  believe  that  the 
subject  is  of  sufficient  importance  to  take  the  time  of  the  student 
who  is  preparing  for  the  difficult  practical  art  of  healing,  and 
who  is  already  overworked.  Third,  from  those  who  believe 
that  the  medical  man  is  all  the  worse  for  possessing  the 
knowledge,  and  should  under  no  conceivable  circumstances  be 
encouraged  in  getting  it.  In  the  second  group  of  the  ob- 
jectors, I  may  place  the  name  of  my  friend  Professor  Wilder,^ 
and  in  the  third  that  of  Professor  Huxley.^  I  hope  the  experience 
to  be  recorded  here  will  satisfy  the  objectors  mentioned  under  the 
first  and  second  heads,  and  possibly  reeeire  qualified  sanction 
from  tl>e  stalwoi*th  nihilist  included  under  the  third. 

In  1865,  Dr.  George  B.  Wood,  of  Philadelphia,  founded  a  chair 
of  Medical  Zoology  and  Comparative  Anatom}^  in  the  University 
of  Pennsylvania.  It  was  particularly  enjoined  by  its  founder  that 
these  subjects  should  be  taught  with  special  reference  to  their 
medical  relations.  The  course  was  not  to  be  a  part  of  a  prepara- 
tory training  to  medicine  but  one  coincident  therewith.  Dr.  Wood 
had  been  a  distinguished  professor  in  the  medical  department, — 
having  held  the  chairs  of  Materia  Medica  and  Practice  of  Medi- 
cine. He  wished  special  attention  to  be  given  to  the  parasites  of 
man  and  to  the  articles  of  the  materia  medica  procured  from  ani- 
mals. Acting  upon  this  instruction,  I  gave  an  outline  of  the 
animal  kingdom,  and  elements  of  medical  zoology  in  each  course 
of  lectures,  giving  in  all  between  the  years  1865  and  1879  thirteen 
courses  of  lectures,  of  thirty-six  lectures  in  each.  I  made  prom- 
inent in  the  lectures  the  features  already  mentioned  —  but  added 
tliereto  expositions  of  the  great  generalizations  that  have  been 
from  time  to  time  announced  in  general  anatomy  and  biology. 
Thus  separate  lectures  were  given  upon  tlie  su))jccts  of  Bilat- 
eral Symmetry  ;  on  the  meaning  of  the  terms  "generalization" 
and  "  HiKicializiition  ;"  on  Homology  ;  on  Evolution.  Attention 
in  addition  was  directed  in  extauHo  to  the  tendencies  exliibited  by 

»Nf;w  York  M«;(li<-,;ilJoiiin.  Oct.  1H77,  .'53,  cr.ncliKiinK  p.'ir;iKifipli. 

'  rroft'hhor  Huxley  in  Anici  icii.    N.  V.  'J"i  il>iiii«!  lOxli  ii,  lh7(i,  No.      \).  10. 
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the  hard  tissues  of  animals,  such  as  the  bones  in  vertebrates,  and 
the  axial  rods  in  various  invertebrates,  to  undergo  transverse  seg- 
mentation ;  to  the  tendency  of  portions  of  such  rods  to  be  twisted 
upon  themselves  ;  to  the  causation  of  articulations,  etc.  T  deemed 
it  m}^  province  to  direct  the  attention  of  medical  students  to 
the  importance  of  these  topics,  and,  with  the  object  of  making 
the  series  of  direct  value  to  them,  drew  my  illustrations,  when- 
ever practicable  from  human  anatomy,  physiology  and  pathology. 

A  separate  group  of  subjects  was  next  treated.  It  em- 
braced the  themes  of  Variation,  Teratology,  Compensation,  etc. 
In  this  group  instances  of  variation  in  the  human  subject  were 
taken  up,  described  and  explained.  The  object  of  this  series  was 
to  awaken  interest  in  the  study  of  variations  of  human  anatomy  as 
met  with  in  the  dissecting  room  or  the  practice  of  medicine,  and  to 
enable  the  medical  man  properl}^  to  appreciate  and  describe  the 
various  congenital  monstrosities  that  may  come  under  his  notice. 
In  addition  to  these  I  usually  gave  one  lecture  on  the  medico-legal 
value  of  a  knowledge  of  the  skeleton  (pointing  out  the  charac- 
teristics of  the  bones  of  the  different  classes  of  vertebrates  as 
determined  by  the  study  of  fragments  of  bone)  as  well  as  one  on 
medical  credulit3^  In  illustration  of  which  subject,  I  pointed  out 
fallacies  in  medical  observation.  Every  physician,  who  has  become 
identified  with  biological  studies,  can  mention  many  instances  in 
which  his  services  as  expert  have  been  requested  upon  subjects  as 
simple  in  their  nature,  as  the  error  in  observation  has  been  gross 
and  mortifying. 

It  will  be  remarked  tliat  the  medical  emphasis  is  everywhere  in- 
sisted upon  in  a  course  of  lectures  such  as  that  which  has  been 
briefly  outlined.  Would  it  not  be  entirely  improper  to  attempt 
the  delivery  of  such  a  course,  before  classes  of  young  men  in 
the  literary  departments  of  our  colleges?  Doubtless  instruction 
in  comparative  anatomy  as  a  branch  of  general  education,  or  one 
preparatory  to  medicine,  is  of  great  value.  But  I  am  anxious  that 
such  a  course  should  not  be  held  to  be  identical  in  character  with 
the  one  I  have  thus  described.  The  student  who  proposes  to  attend, 
to  the  best  advantage,  a  course  of  such  lectures  should  already 
have  attended  a  general  course  in  biology,  and  have  familiarized 
himself  with  the  rudiments  of  human  anatomy  and  physiology. 
It  has  been  commonly  said  to  me  by  my  students — most  of 
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whom  had  ah-eady  studied  two  years — that  the  lectures  were 
difficult  to  follow.  If  it  so  proved  to  advanced  pupils,  it  is  eas}^  to 
foresee  what  would  be  the  result  of  lecturiug  on  such  basis  to 
classes  preparing  themselves  for  matriculation,  or  even  for  studies 
of  the  second  yesiv.  The  explanations  of  the  generalizations 
of  biology,  the  varieties  of  human  anatomy,  the  abnormalities 
of  structure  —  involving  the  most  abstruse  problems  in  biological 
science  —  cannot  be  essaj^ed  with  advantage  to  other  than  ad- 
vanced students.  I  have  again  and  again  stopped  in  the 
course  of  a  demonstration  and  remarked  that  if  there  were  any 
gentlemen  present  who  felt  themselves  to  be  imperfectl}'  prepared 
upon  the  human  anatomy  of  the  subject  under  consideration,  such 
had  best  retire  from  the  lecture  room  for  it  would  prove  for  them 
a  waste  of  time  to  remain.  It  was  my  custom  to  name  at  the 
close  of  each  lecture  the  subject  of  the  next  —  to  invite  special  at- 
tention to  the  points  to  be  therein  treated — and  to  request  my  pu- 
pils to  consult  their  text  books  before  reporting  for  the  lecture. 
By  this  plan  I  was  free  from  the  necessity  of  first  demonstrating 
the  anthropomorphic  features  before  taking  up  the  comparative. 

The  conviction  that  remains  after  having  given  much  thought 
to  the  matter  is,  that  the  outline  of  the  structure  of  animals  as 
taught  in  our  colleges  of  general  education,  or,  in  preparation 
for  the  special  medical  course,  does  not  meet  the  end  in  view,  but 
that  a  supplemental  course  should  be  given  after  the  first  or  sec- 
ond session.  If  the  time  of  the  curriculum  does  not  permit  such 
instruction,  one  of  two  ways  is  open  —  either  to  make  tlie  course 
post-graduate  or  to  lengthen  the  session.  Tliis  is  a  matter  of  de- 
tail wliich  need  not  interfere  with  the  main  point  I  advocate,  i.  e., 
that  the  kind  of  comparative  anatomy  a  student  of  medicine 
needs  cannot  with  advantage  be  offered  him  until  he  is  advanced 
in  his  special  studies. 
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Plan  of  the  Cerebro-Spinal  Nervous  System.  ^    By  S.  V. 
Clevenger,  of  Chicago,  111. 

fABSTRACT.] 

1.  The  2^yitnitive  sense  is  tactile  and  all  senses  have  proceeded 
from  its  differentiation.  For  illustrative  purposes  let  us  consider 
energy  as  divided  into  molecular  vibrations,  from  one  ethereal 
pulsation  in  an  eternit}",  to  an  infinite  number  of  vibrations  in  one 
second.  In  such  an  undulatory  series  we  may  see,  as  a  small 
division  of  it,  all  forces  from  sound  to  gravitation  represented. 
While  the  protozoon  may  be  visibly  affected  by  every  such  undu- 
lation the  homogeneity  of  its  composition  prevents  any  differen- 
tial response ;  for  instance,  the  tremor  of  a  musical  note,  heat, 
light,  electricity,  alike  produce  contractions  or  expansions  (mo- 
tions) of  its  mass.  In  a  higher  form  of  life  nerve  tissue  appears, 
which  conveys  only  certain  vibrations  and  rejects  all  others. 
Take  one  undulation  in  a  second  as  the  capacity  of  this  nerve 
fibre.  It  is  a  tactile  nerve.  When  a  nerve-fibre  conveys  more 
rapid  undulations  differentiation  begins.  Sixteen  to  forty  thou- 
sand per  second  begin  and  end  the  auditory  vibrations.  Quicker 
vibrations  to  four  hundred  and  fifty  billion  per  second  we  may 
view  as  heat  appreciation,  thence  to  eight  hundred  billion  from  red 
to  violet  light,  above  this  fluorescent  undulations,  "chemical 
energy,"  electricitj^  to  infinity.  We  may  thus  mathematically 
conceive  an  auditor}^  sense  derived  from  the  general  tactile  or  a 
special  touch  sense  (like  that  of  the  fifth  pair  of  nerves).  An 
optic  sense  would  arise  from  this  same  tactile,  and  we  have  seen 
it  thus  differentiated  embryologically. 

2.  Qualitative  differentiation  of  the  nervous  organization  proceeds 
dorsally^  with  a  tendency  toward  the  head  end.  That  portion  of 
the  animal  which  stands  in  most  direct  relation  to  the  changing 
molecular  movements  of  the  environment  develops  the  highest 
sensor}^  and  motor  nerve-centres  and  projections. 

3.  Rex)etition  of  parts  of  a  system^  up  to  a  certain  pointy  ceases; 
and  these  2)cirts  become  commissurally  united  before  another  system 
is  jyerfected. 

The  sympathetic  nervous  system,  consisting  of  the  intestinal 

iThis  paper  is  printed  in  full  in  the  Journal  of  Nervous  and  Mental  Disease,  Oct. 
18S0. 
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and  vascular  or  vaso-motor  nerves,  develops  first.  Schenek  and 
Birdsall  (Archives  of  Medicine,  vol.  I,  No.  2),  on  the  Embryogeny 
of  the  Sympathetic,  consider  this  system  as  composed  of  masses 
originating  in  the  central  nervous  system.  This  is  a  truth  from 
one  standpoint,  and  that  a  very  narrow  one.  Blending  the  results 
of  comparative  embryology  and  anatomy,  the  sympathetic  pre- 
cedes the  creation  of  other  systems. 

The  second  system  to  appear  pliylogenetically  is  the  spinal, 
equivalent  in  the  invertebrates  to  their  "cerebral"  ganglia. 

The  third  system  is  the  intervertebral,  the  swellings  upon  the 
posterior  roots  of  the  spinal  nerves. 

4.  The  cerebellum  is  formed  from  fused  hypertrophied  interverte- 
bral ganglia. 

Many  sensory  cranial  nerves  pass  through  this  organ  and  by  the 
fusion  of  these  originally  separate  centres  coordination  occurs 
necessarily. 

Excessive  development  on  the  one  hand,  or  want  of  devel- 
opment on  the  other,  places  all  the  ganglionary  tubercles  and 
lobes  of  the  encephalon  in  the  third  system  category.  Thus  the 
prcefrontal  lobe  of  the  cerebrum,  the  occipital  and  temporal  lobes, 
the  olivary  body,  the  olfactory  lobe,  the  mammillary  eminence,  the 
epiphisis  cerebri,  the  tubercula  bigemina,  the  petrosal  and  Gasserian 
ganglia  were  originally  intervertebral  ganglia,  and  still  maintain 
resemblance  to  these  ganglia  in  many  particulars. 

5.  The  prefrontal  lobe  is  the  last  intervertebral  ganglion  to  de- 
velop. It  grows  larger  in  the  scale  of  intelligence  and  presses  the 
occipital  (seethe  brains  of  monotremes  and  marsupials)  backward, 
downward  and  forward,  thus  forming  the  temporal  (or  what  has 
been  erroneously  termed  the  middle)  lobe. 

6.  The  cerebro-spinal  nerves,  in  some  cases,  preserve  their 
original  projections  from  and  to  muscles,  but  these  nerves  may 
also  have  not  only  a  distribution  to  the  viscera,  as  has  the  })neu- 
mogastric,  but  may  also  project  into  and  from  other  system- centres. 
The  lateral  columns  of  the  spinal  cord,  the  tegmentum  and  crura 
cerebri  in  their  main  mass  may  thus  be  i-egarded  as  cerebro-spinal 
nerves  of  the  highest  sericis,  having  lower  system-(;entres  for 
perii)heries.  IMie  pne-frontal  lobes  thus  (ixcrt  an  inhibitory  con- 
trol over  the  highest  ccntrcis,  because  such  centres  'avv.  pciripheries 
for  the  nerves  of  these  foremowt  ganglia. 
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Evidences  of  the  Effect  of  Chemico-physical  Influences  in 
THE  Evolution  of  Branchiopod  Crustaceans.    By  Carl 
F.  Gissler,  of  Brooklyn,  N.  Y. 
During   the  winter  months  ^  EuhrancJiipus  vernalis  Verrill^ 
occurs  near  Maspeth,  Long  Island,  in  immense  numbers  in  large 
communicating  ponds  containing  clear,  yellowish  fresh  water. 
In  January  last  I  found,  in  a  small  and  entirely  isolated  pool,  less 
than  a  hundred  paces  from  the  above  mentioned  place,  a  number 
of  perfectl}^  colorless,  smaller,  but  sexually  mature  individuals  of 
branchiopod  Crustaceans.    The  bottom  of  the  pool  is  a  white  and 
very  soft  clay  and  the  water  itself  is  of  a  milky  color.    I  collected 
a  number,  and  observed  the  following  characters : 

A.  Very  few  individuals  of  both  sexes  bearing,  with  the  excep- 
tion of  transparent  bod}^,  and  the  red  furca^  of  the  post-abdomen, 
the  same  characters  as  Eubranchipus. 

B.  A  great  number  of  colorless  individuals  from  15  to  22  mm. 
in  length.  These  differ  from  the  larger,  red  Eubranchipus  in  the 
following  particulars  :  Cephalic  scute  large  and  convex.  Basal 
joint  of  male  clasper  cylindrical.  Claspers  crossing  each  other, 
short,  tip  of  second  joint  with  a  blunt,  minute  tooth.  Second 
joint  more  or  less  conical,  tapering.  A  number  of  full-grown 
forms  between  sets  A  and  B  occurred,  evidently  transitory  stages. 
I  expect  soon  to  give  an  account  in  Dr.  Packard's  Monograph  on 
Phyllopod  Crustacea,  of  the  sexual  organs  (to  be  illustrated  by  a 
plate),  copulation  and  the  biology  of  these  colorless  individuals. 

C.  A  single  specimen  of  male  Chirocephalus.^ 

D.  A  hermaphrodite.  Sexual  organs  separate,  both  male  and 
female  claspers  present.  ^ 

E.  A  single  male  individual  with  a  minute  tooth  on  the  second 
joint  of  its  right  clasper,"^  tooth  wanting  on  the  left.  Left  clasper 
in  normal  position,  right  clasper  twisted  around,  thus  apparently 

iFiom  January  till  April. 

2  Observations  on  Phyllopod  Crustacea  of  the  family  of  Branchipidje  with  descrip- 
tions of  some  new  genera  and  species,  "  by  Prof.  A.  E  .  Verrill,  18G9. 

sTlie  normal  red  Eubranchipus  has  a  white  furca.  Pale  specimens  of  Strepto- 
cephalus  JFatsoni  Pack,  have  also  a  red  furca. 

*F.  Spangenberg's  paper  in  Zeitscli.  f.  wiss.  Zool.,  XXV,  Supplem.  1875,  p.  14. 

^  Proveri  to  be  a  very  large  cf  specimen  of  Chirocephalus  Holmani  Ryder.  March  22, 
1881, 1  found  a  large  pond  between  Glendale  and  Ridgewood,  Long  Island,  densely 
populated  with  both  Chirocephalus  Uolmani  Ryder  and  Eubranchipus  vernalis  (normal). 
The  former  is  described  in  Proceed.  Acad.  Nat.  Sciences  of  Philad.,  1879,  p.  200. 

8  I  described  it  in  American  Naturalist,  February,  1881. 

7  The  claspers  are  the  second  pair  of  antenna,  transformed  into  auxiliary  copu- 
lation organs. 
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preventing  the  animal  from  nsing  it  in  copulation.  The  tooth  is 
probably  a  substitute  for  the  wrongly  placed  hook  and  assumes 
its  function.  This  exemplifies  Dr.  Dolu'n's  theory®  of  the  consecu- 
tiveness  of  functions  in  one  and  the  same  organ,  brought  about  by 
evolution.  As  to  the  latter  I  refer  to  papers  by  Prof.  ICdvv.  D. 
Cope  in  the  American  Naturalist :  "The  Laws  of  Organic  Devel- 
opment," 1871,  and  "A  Review  of  the  Modern  Doctrine  of  Evolu- 
tion," 1880.  Dr.  Moritz  Wagner's  migration  theory  ^  as  well  as 
Dr.  Chas.  Darwin's  selection  theory  may  be  employed  to  explain 
the  occurrence  of  the  above-mentioned  sets.  A,  B,  and  probably 
C.  First,  I  must  mention  that,  on  keeping  a  number  of  Eiibran- 
chipus,  ^  and  9  (the  latter  with  ovaries  filled  and  oviducts 
empty)  together  with  a  number  of  sets  A  and  B,  ^  and  9(9 
in  the  same  condition)  during  five  days,  I  could  never  observe  a 
single  case  of  crossing :  on  the  contrary  the  two  (red  and  white) 
avoided  each  other,  and  only  copulated  among  themselves.  Now, 
as  to  set  A,  I  consider  them  to  be  the  first  generation  of  Eubran- 
chipus,  brought  along  with  mud  into  the  little  clay  pool,  by  water- 
birds  from  the  neighboring  larger  ponds.  (See  Prof.  J.  A.  R}^- 
der's  note  in  Am.  Nat.  XII,  page  703).  The  transparency  of 
their  bodies  was  produced  by  the  chemico-physical  influence  of 
the  little  clay  pool  and  not  by  "  Mimicry."  As  the  pool  is  an 
isolated  one,  there  was  no  chance  for  the  absorbing  (or  obliterat- 
ing) influence  of  crossing  with  the  original  red  Eubranchipus ; 
consequently,  the  offspring  of  the  new  colorless  race,  influenced  by 
different  factors,  was  liable  to  submit  to  still  further  evolutionary 
transformations  which  I  believe  are  realized  in  set  B.  The  ani- 
mal gradually  degenerated  into  a  much  smaller  one  with  the 
above-mentioned  characters.  The  factor  that  produced  it  was  a 
conservative  one,  favoring  the  preservation  of  this  new  species. 

*•  "  Dor  IJi-Hpning  dor  Wii  ljoltliiore  und  das  PriiH;ii)  des  I'  nnctioiiswcclisels."  Gene- 
alof,'if-(;hf  Skizzcn  von  Dr.  A.  Dohrn,  J87.>. 

»  "  Dio  Dai  wiii'sche  Tlieorie  und  daH  Rligrationsgosotz  der  Orffanii-nx'ii  "  von  Dr. 
Moritz  Wagnor.  1h(;h.  TIk;  renitation  of  Wagner's  law  ol'  migration  wa.s  aUenipLcd  ))y 
my  lormcr  tutor,  J'iof'cs8or  Dr.  Aug.  Weisniann  Ueber  den  Kinllufis  der  Isolirung 
auf  die  ArtbildiiiiK"  inTi);  owing  to  a  niisconcc.'ijljon  of  VVagner'n  paper  lie  combined 
JiiH  tlieory  Willi  Darwin'ri  Helection  theory,  wliiist  both  theories  <;on8ideiably  deviate 
iVom  earh  other  as  regards  tlie  eomi)elling  m(!c,hanic,al  cauHe.  See  also  KosmoH,  IV, 
April,  IHHO.  "  Ueber  die  I'int-Udinng  der  Ait(!n  dnrcii  AbHondinung,"  von  Moritz 
Wagner, 

»""On  the  Origin  of  Sp(f<-,ieH  by  Mttans  of  Natural  Selection,"  1H50. 

"F.  Hpangenberg  in  op.  cil.,  pages  r»l  to  .Vi. 

W..J.  .ScJimank<;witHcli  in  Zeituchr.  Uiv.v  wish.  Zoo].,  IH7i,  1875  and  1877. 

1*  rroJeHHor  IIuxley'«  'J'lie  Craytinli :  "  In  a  Mtrictly  morphological  Heni^c,  a  species 
is  Himi)ly  an  a^^•emblage  of  InrllvidualH  which  agree;  with  one  anotlnir  and  ilifler  from 
the  rcht  of  the  living  world  in  the  HUin  of  their  niorj»hoIogi<-al  characterH." 


BY  CARL  F.  GISSLER. 


559 


The  factor  that  produced  the  individual  E  was  a  compelling  me- 
chanical cause,  originating  in  a  pathological  condition.  Accord- 
ing to  Dr.  Chas.  Darwin  the  meclianical  cause  enters  into  activity 
with  the  appearance  of  "favorably  varying"  individuals  whose  mor- 
phological deviations  are  either  inherited  or  adapted. 

As  to  C,  the  genus  Chirocephalus,  I  have  reason  to  suspect  in  it 
the  winter  form  of  Streptocephalus.  The  successive  appearance  of 
Chirocephalus  and  Streptocephalus  in  one  and  the  same  pond 
near  Woodbury,  N.  J.  (Am.  Nat.  XII,  703,  J.  A.  Ryder),  rather 
strengthens  my  assumption. 

The  hermaphroditic  form  D  shows  characters  closely  relating  it 
to  set  A.  From  the  study  of  comparative  anatomy  it  follows 
that  Hermaphroditism,  i.  e.,  the  coexistence  of  both  male  and 
female  sexual  organs  in  one  individual,  is  the  primitive  condition 
of  sexual  differentiation,  which  may  in  time  be  followed  by  a  com- 
plete separation  of  the  sexes.  (See  Dr.  E.  Haeckel's  Anthropo- 
genic, pp.  395,  681,  etc).  Hermaphroditism and  Parthenogene- 
sis can  be  regarded  as  cases  of  Atavism, — as  a  re-occurrence  of 
former  primitive  conditions.  Further  progress  in  differentiation, 
of  the  sexual  conditions  Hseckel  ascribes  to  division  of  labor 
(Arbeitstlieilung).  The  bilateralism  in  this  hermaphrodite  in- 
dicates close  relationship  and  coordination  between  the  sexual 
organs  and  auxiliary  copulation  organs. 

According  to  Dr.  Chas.  S.  Minot's  theory  (Am.  Nat.,  XIV, 
Febr.  1880),  it  is  possible  that  a  male  genoblast  was  formed  by 
the  splitting  of  a  neutral  cell  on  one  side,  and  a  female  genoblast 
in  the  same  manner  on  the  other  side,  of  the  post-abdomen  at  an 
early  larval  stage,  and  that  then,  as  the  animal  became  gradu- 
ally more  developed,  the  second  pair  of  antennae  (not  hitherto 
sexually  distinguishable)  transformed  themselves  symmetrically 
in  accordance  with  the  bilateral  position  of  the  genital  glands  and 
their  exits.  Unfortunately  we  are  ignorant  of  the  causes  and 
conditions  which  impel  an  animal,  when  capable  of  producing 
genoblasts,  to  become  either  male,  female  or  hermaphrodite. 

"  Hermaphvoditlsm  in  Crustaceans  occurs  normally  in  Cirripeds  and  parasitic 
Isopods.  Exceptions  are  recorded  («)  In  the  European  lobster,  by  F.  Nicholls,  Pliil. 
Trans.  Royal  Society,  vol.  36,  p.  210,  1730.  {h)  In  free-living  Isopods  of  the  genera 
Cirolana  and  Conilera,  by  Paul  Meyer,  Mittheilungen  aus  der  zoologischen  Station  zu 
Neapel.  Taf.  V:  Ueber  den  Hermaphi  odilismus  bei  einigen  Isopoden.  pp.  1G5  to  179. 
1878.  (c)  In  certain  water-fleas,  Daplinia pulex,  D.  Schcefferi,  Alona  quadr-antjularis,  by 
Wilhelm  Kurz,  49  Bd.  Sitzungsberichte  der  k.  Akademie  der  VViss.  I.  Abtheilung.  1874: 
Ceber  androgyne  Missbildungen  bei  Cladoceren. 

1^  Coi  suit  1  rof.  Dr.  C.  T.  v.  Siebolu's    Parthenogenese  der  Arthropodcn,"  1871. 
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On  Color-Bltndness.    By  B.  Joy  Jeffries,  of  Boston,  Mass. 

[ABSTRACT.] 

Dr.  Jeffries  first  described  the  natural  condition  of  the  color 
sense,  and  illustrated  some  of  its  peculiarities  as  related  to  color- 
blindness. The  complementary  after-image  of  a  color  can  be 
readily  seen  by  gazing  at  the  red  setting  sun,  when,  if  we  turn  our 
eyes  to  the  east,  we  shall  see  a  green  rising  one.  Looking  steadily 
at  a  3'ellow  spot  on  white,  and  turning  away,  we  see  a  blue  one, 
etc.  After  looking  intently  at  a  red  or  green  light  as  used 
for  instance  on  railroads  and  on  vessels,  one  cannot  help  mo- 
mentarily' seeing  the  reverse  color.  The  centre  of  the  retina 
has  the  greatest  power  of  form-perception ;  we  must  fix  our 
eye  steadily  to  see  anything  very  distinctly.  The  same  with 
color.  All  colors  fade  in  intensity  outward  from  the  centre 
of  the  retina.  In  a  central  zone  we  can  distinguish  all  three 
of  the  colors  now  considered  primary,  viz. :  red,  green  and 
violet.  In  a  zone  outside  of  this  our  red  perception  fails,  and 
in  the  outer  portions  still  of  the  retina  green  fails,  and  we  see  blue 
or  violet  onl}^  Now  we  have  red^  green  and  violet  blindness,  resem- 
bling, so  to  speak,  the  conditions  of  these  zones.  This  nnist  not, 
however,  be  too  strictly  construed.  Color-blindness  may  be  best 
described  thus:  Those  who  are  red,  or  green  (one  involving  the 
other),  or  violet  blind  see  all  objects  having  these  colors  as  gray 
or  grayish,  in  the  proportion  in  which  they  are  color-blind  and  the 
depth  of  the  pigment.  A  color  mixed  with  their  faulty  one  will 
be,  so  to  speak,  muddy.  Many  thousands  of  examinations  have 
been  made  all  over  the  world,  with  the  same  result  as  his 
own.  He  has  tested  17,695  males,  finding  739  color-blind  in 
greater  or  lesser  degree,  viz.,  about  4  per  cent.  With  females  it 
is  very  rare,  which,  liowever,  their  familiarity  with  the  colors  does 
not  account  for.  lie  tested  13,893  females,  finding  only  t(;n  color- 
blind. Age,  race,  color,  education,  condition  of  civilization,  all 
seem  to  liave  no  effect,  as  tests  have  be(!n  now  made  fioin  the 
noi'tli  pole  to  the  (;fjuator,  Jind  throughout  lMii'oi)e  and  America. 
It  is  congenitMl,  largely  li(M-editary  and  handed  down  through  the 
females,  though  tli(;y  escape  it.  It  may  l)e  artificially  pioduced 
by  putting  a  p(!)-son  in  a,  c;italei)ti(i  or  liyi)notic  stat(; ;  also  those 
color-l)lind  who  can  be  put  in  this  state  are  tem[)orarily  relieved 
of  their  defect.  It  is  incurabh;  by  any  known  means.  It  may  l)e 
caused  by  tobacco  and  alcohol  poisoning,  by  injuries  affecting  the 
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head  and  b}'  disease.  It  is  a  symptom  of  some  brain  disease  of 
constitutional  origin. 

It  can  be  helped  or  palliated  by  gaslight,  when  the  color-blind 
see  better,  or  b}'  looking  through  pale  lemon-colored  glass  like  gas 
light,  or  b}^  looking  through  a  solution  of  the  aniline  dye  called 
fuchsine.  All  this  does  not  cure,  but  simply  changes  the  relations 
of  light*  and  shade  for  the  color-blind,  by  which  alone  they  distin- 
guish their  faulty  colors.  Dr.  Jeffries  briefly  described  how  difR* 
cult  it  was  formerly  to  detect  the  color-blind,  and  referred  to  his 
manual  on  color-blindness  in  explanation  of  how  they  escaped. 
Thanks  to  recent  observers  and  workers  in  the  field  we  now  have 
methods  so  simple,  as  to  be  readil}^  and  quickly  carried  out  by 
competent  experts. 

These  facts  have  led  the  United  States  government  to  undertake 
its  control  in  the  army,  navy,  and  marine  hospital  service  so  far  as 
this  latter  affects  pilots.  Ph3'Sical  examination  of  seamen  is  not 
yet  compulsory.  Its  great  value  to  the  sailor  was  particularly 
explained.  Standard  tests  and  standard  powers  of  sight  and 
color  perceptions  are  not  yet  determined  by  the  United  States. 
An  international  commission  to  determine  these  has  been  proposed 
in  a  bill  now  before  Congress.  He  explained  the  future  value 
of  such  a  commission,  and  urged  his  audience  to  assist  in  having 
this  carried  out. 

As  to  the  railroads  of  the  countr}",  Dr.  Jeffries  quoted  from  his 
book,  now  an  United  States  manual:  "The  difficulties  are  very 
great.  Here  the  interests  and  the  safety  of  the  community  have 
to  contend  with  ignorance,  prejudice,  pecuniary  considerations 
and  incredulity  born  of  supposed  immunity  from  danger."  This 
has  proved  most  true,  and  even  at  this  date,  three  years  and  a 
half  since  he  called  public  attention  to  the  dangers  from  color- 
blindness, but  one  state,  Connecticut,  has  passed  laws  controlling 
color-blindness  and  visual  defects  among  railroad  employes.  And 
3'et  in  that  state  most  violent  attempts  have  been  made  to  prevent 
the  action  of  the  law  in  protecting  the  community,  even  politics 
being  introduced. 

The  practical  tests,  approved  of  over  the  world  and  recom- 
mended at  the  international  medical  congress  at  Amsterdam, 
September,  1879,  and  directed  by  the  Connecticut  board  of  health 
in  charge  of  the  control,  were  then  thoroiighl}^  shown  and  explained. 
Practical  illustration  was  also  given  the  audience  by  a  color-blind 
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gentleman  who  kindly  consented  to  exhibit  his  infirmity  in  the 
cause  of  science.  These  tests  were  Holmgren's  with  the  colored 
worsteds  (used  by  Dr.  Jeffries  in  our  public  schools  and  the  Asso- 
ciation), Bonders  and  Daae's  modification  of  this  method,  Stilling's 
pseudochromatic  cards,  Woinow's  disk,  Pfiiiger's  letters,  and  fi- 
nally Bonder's  method  with  reflected  light  and  transmitted  light, 
and  Holmgren's  with  colored  shadows,  —  these  last  two  being  for 
the  purpose  of  determining  the  quantitative  color-sense,  so  neces- 
sary in  deciding  the  fate  of  a  railroad  employe  or  pilot.  The 
simple,  practical  use  of  these  methods  in  the  hands  of  competent 
experts  was  shown  and  proved  in  the  testing  thereby  the  color- 
blind present.  Dr.  Jeff'ries  explained  in  detail  how  theoretical 
was  the  attempt  to  decide  the  color-sense  b}^  lanterns  and  flags 
used  on  land  or  sea,  and  how  readily  mistakes  would  thus  be  made. 
The  worsted  test  can,  by  competent  experts,  be  quickly  made  in 
the  paymaster's  car,  for  instance,  whereby  no  man  is  taken  from 
his  duty.  The  color-blind  can  thus  be  sorted  out  and  subsequent- 
ly reexamined  with  these  additional  tests  as  a  means  of  control, 
and  to  exhibit  their  precise  defect  to  those  in  authority.  During 
and  after  the  reading  of  the  paper,  color-blind  gentlemen  present 
were  exhibited,  to  their  astonishment  and  the  bystanders.  All 
present  were  asked,  if  convinced  by  what  was  shown  of  the 
danger,  to  exert  their  influence  in  the  cause  of  control  of  color- 
blindness. Dr.  Jeffries  stated  in  conclusion  that  he  had  hoped  to 
be  able  to  touch  upon  the  most  interesting  point  of  the  devel- 
opment of  the  color-sense  and  the  education  of  our  color-per- 
ception. He  was,  however,  only  able  to  refer  briefly  to  the 
work  going  on  of  the  study  of  color  development,  and  particularly 
the  contributions  to  it  by  his  friend  Dr.  Hugo  Magnus  of  Brcslau. 
Dr.  Jeffries'  work  in  testing  all  the  Boston  school  children  showed, 
as  has  the  same  elsewhere,  the  great  ignorance  on  the  part  of  males 
of  color  names,  all  aside  from  color-))lindness.  He  exhibited  Dr. 
Magnus's  color-chart  for  teaching  cliihhen  colors  and  their  names, 
which  received  a  diploma  of  honor  from  the  International  Medical 
Society  at  Amsterdam.  The  use  of  this  he  explained,  and  said 
lie  was  engaged  with  Mr.  Trajig  in  its  introduction  into  this 
country  among  our  schools,  both  private  and  public.  The  great  pur- 
pose of  this  special  work  ])eing  the  teaching  the  child  to  associate 
with  the  word  the  color  and  the  color  sense,  as  well  as  the  mere 
color  names.  If  generations  of  teaching  females  colors  has  elim- 
inated color-blindness  from  that  sex,  then  may  it  not  from  the 
male  ? 
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The  First  Decade  of  the  United  States  Fish  Commission  : 
ITS  plan  of  work  and  accomplished  results,  scientific 
AND  economical.  By  G.  Brown  Goode,  of  Washington,  D.  C. 

There  are  nine  departments  of  the  government  devoted,  in  part 
or  wholl}^,  to  researches  in  pure  and  applied  science  —  the  Geo- 
logical Surve}^ ;  the  Coast  and  Geodetic  Survey  ;  the  Naval  Obser- 
vatory ;  the  National  Museum  ;  the  Department  of  Agriculture  ; 
the  Entomological  commission  ;  the  Tenth  Census,  with  its  special 
agencies  for  the  study  of  the  natural  resources  of  the  country  ;  the 
Smithsonian  Bureau  of  Ethnolog}^  and  the  Commission  of  Fish 
and  Fisheries.  The  Smithsonian  Institution,  established  upon  an 
independent  foundation,  should  also  be  mentioned,  as  well  as  the 
Medical  Museum  of  the  army,  and  the  various  laboratories  under 
the  control  of  the  Army  and  Nav}^  Departments. 

The  Geological  Survey  is  not  now  carrying  on  any  of  the 
schemes  of  zoological  and  botanical  investigation  engaged  in  by 
its  predecessors. 

The  work  of  the  Entomological  Commission  and  that  of  the 
census,  though  of  extreme  importance,  are  limited  in  scope  and 
duration,  while  that  of  the  Agricultural  Department  is  necessarily, 
for  the  most  part,  economical. 

The  work  of  the  National  Museum  is  chiefl}^  confined  to  the 
study  of  collections  made  by  government  surveys  or  individual 
collectors  and  sent  in  to  be  reported  upon. 

The  work  of  the  Fish  Commission,  in  one  of  its  aspects,  may 
perhaps  be  regarded  as  the  most  prominent  of  the  present  efforts 
of  the  government  in  aid  of  aggressive  biological  research. 

On  the  9th  of  February,  1874,  Congress  passed  a  joint  resolu- 
tion which  authorized  the  appointment  of  a  Commissioner  of  Fish 
and  Fisheries.  The  duties  of  the  Commissioner  were  thus  defined  : 
"To  prosecute  investigations  on  the  subject  (of  the  diminution  of 
valuable  fishes)  with  the  view  of  ascertaining  whether  any  and 
what  diminution  in  the  number  of  the  food-fishes  of  the  coast  and 
the  lakes  of  the  United  States  has  taken  place  ;  and,  if  so,  to  what 
causes  the  same  is  due  ;  and  also  whether  any  and  what  protective, 
prohibitory  or  precautionary  measures  should  be  adopted  in  the 
premises,  and  to  report  upon  the  same  to  Congress." 

The  resolution  establishing  the  oflace  of  Commissioner  of  Fisher- 
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ies  reqiiiied  that  the  person  to  be  appointed  should  be  a  civil  officer 
of  the  Government,  of  proved  scientific  and  practical  acquaintance 
with  the  fishes  of  the  coast,  to  serve  without  additional  salary.  The 
choice  was  thus  practically  limited  to  a  single  man  for  whom,  in 
fact,  the  office  had  been  created.  Prof.  Baird,  at  that  time  As- 
sistant Secretary  of  the  Smithsonian  Institution,  was  appointed 
and  entered  at  once  upon  his  duties. 

The  summer  of  1880  marks  the  tenth  seasonof  active  work  since 
its  inception  in  1871.  Tlie  Fish  Commission  now  fills  a  place  ten- 
fold more  extensive  and  useful  than  at  first.  The  present  essay 
aims  to  show,  in  a  general  way,  wliat  it  has  done,  is  doing,  and  ex- 
pects to  do  —  its  purposes,  its  methods,  its  results. 

The  work  is  naturall}^  divided  into  three  sections  :  — 

1.  The  S3^stematic  investigation  of  tlie  waters  of  the  United 
States  and  the  biological  and  physical  problems  whicli  tliey  present. 
The  scientific  studies  of  the  Commission  are  based  upon  a  liberal 
and  philosopliical  interpretation  of  the  law.  In  making  his  original 
plans  tlie  Commissioner  insisted  that  to  study  only  the  food-fishes 
would  be  of  little  importance,  and  that  useful  conclusions  must 
needs  rest  upon  a  broad  foundation  of  investigations  purely  scien- 
tific in  character.  The  life  history  of  species  of  economic  value 
should  Ijc  understood  from  beginning  to  end,  but  no  less  requisite 
is  it  to  know  the  histories  of  the  animals  and  plants  upon  which 
they  feed  or  upon  which  their  food  is  nourished ;  the  histories  of 
their  enemies  and  friends,  and  the  friends  and  foes  of  their 
enemies  and  friends  as  well  as  the  currents,  temperatures  and 
other  physical  phenomena  of  the  waters  in  relation  to  migration, 
reproduction  and  growth.  A  necessaiy  accompaniment  to  this 
division  is  the  amassing  of  material  for  research  to  be  stored  in 
the  National  and  other  museums  for  futiu'e  use. 

2.  The  investigation  of  the  methods  of  fisheries,  i)ast  and 
present,  iind  the  statistics  of  pioduction  and  commerce  of  fishery 
products.  Man  being  one  of  the  chief  destroyers  of  lish,  his 
influence  ui)on  tlieir  abundance  must  l)e  studied.  Fishery  methods 
and  aj)paiatus  must  Ix;  cxamincid  and  con4>ared  with  those  of 
other  lands,  that  tlu;  use  of  those  wiiich  threaten  the  destruction 
of  useful  fishes  nu'iy  Ix;  discouraged,  and  that  those  which  are 
inefflci(;nt  ni;iy  be  r('(>laced  by  otli(;rs  mo)(!  S(irvicea])le.  Statistics 
of  industry  and  tiade  unist  be  secured  for  the  use  of  Congress  in 
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making  treaties  or  imposing  tariffs,  to  show  to  producers  the  best 
markets,  and  to  consumers  where  and  with  what  their  needs  may 
be  supplied. 

3.  The  introduction  and  multiplication  of  useful  food  fishes 
throughout  the  country,  especially  in  waters  under  the  jurisdiction 
of  the  general  government,  or  those  common  to  several  states, 
none  of  which  might  feel  willing  to  make  expenditures  for  the  ben- 
efit of  the  others.  This  work,  which  was  not  contemplated  when 
the  Commission  was  established,  was  first  undertaken  at  the  in- 
stance of  the  American  Fish  Cultural  Association,  whose  repre- 
sentatives induced  Congress  to  make  a  special  appropriation  for 
the  purpose.  This  appropriation  has  since  been  renewed  every 
5'ear  on  a  more  bountiful  scale,  and  the  propagation  of  fish  is  at 
present  by  far  the  most  extensive  branch  of  the  work  of  the 
Commission,  both  in  respect  to  number  of  men  employed  and 
quantit}^  of  money  expended. 

Although  activity  in  this  direction  may  be  regarded  in  the  light 
of  applied  rather  than  pure  scientific  work,  it  is  particularly  im- 
portant to  the  biologist,  since  it  affords  opportunities  for  investi- 
gating many  new  problems  in  physiology  and  embryology. 

The  origin  of  the  Commission,  its  purposes,  and  methods  of 
organization,  having  been  described,  it  now  remains  to  review  the 
accomplished  results  of  its  work.  In  many  departments,  espe- 
cially that  of  direct  research,  most  efficient  services  have  been 
rendered  by  volunteers  ;  in  fact,  a  large  share  of  what  has  been 
accomplished  in  biological  and  physical  exploration  is  the  result 
of  unpaid  labor  on  the  part  of  some  of  the  most  skilful  American 
specialists.  Although  it  would  be  interesting  to  review  the  pe- 
culiar features  of  the  work  of  each  investigator,  the  limits  of  this 
paper  will  not  allow  me  even  to  mention  them  all  by  name. 

Since  the  important  fisheries  centre  in  New  England,  the  coast 
of  this  district  has  been  the  seat  of  the  most  active  operations  in 
marine  research.  For  ten  years,  the  Commissioner,  with  a  party 
of  specialists,  has  devoted  the  summer  season  to  work  at  the  shore, 
at  various  stations  along  the  coast,  from  Connecticut  to  Nova 
Scotia. 

A  suitable  place  having  been  selected,  a  temporary  laboratory 
is  fitted  up  with  the  necessary  appliances  for  collection  and  study. 
In  this  are  placed  from  ten  to  twenty  tables,  each  occupied  by  an 
investigator,  either  an  officer  of  the  Commission,  or  a  volunteer. 
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From  1878  to  1879,  important  aid  was  rendered  by  the  Secretary 
of  the  Navy,  who  detailed  for  this  service  a  steamer  to  be  used  in 
dredging  and  trawling,  and  this  year  the  steamer  built  expressly 
for  the  Commission  is  employed  in  the  same  manner. ^ 

The  regular  routine  of  operations  at  a  summer  station  includes 
all  the  various  forms  of  activity  known  to  naturalists — collecting 
along  the  shore,  seining  upon  the  beaches,  setting  traps  for  animals 
not  otherwise  to  be  obtained,  and  scraping  with  dredge  and  trawl 
the  bottom  of  the  sea,  at  depths  as  great  as  can  be  reached  by  a 
steamer  in  a  trip  of  three  days.  In  the  laboratory  are  carried  on 
the  usual  structural  and  systematic  studies ;  the  preparation  of 
museum  specimens  and  of  reports.  Since  the  organization  of  the 
Commission,  the  deep  sea  work  and  the  investigation  of  inverte- 
brate animals  has  been  under  the  charge  of  Prof.  Verrill  who  had, 
for  many  years  before  the  Commission  was  established,  been 
studying  independently  the  invertebrate  fauna  of  New  England. 

In  addition  to  what  has  been  done  at  the  summer  station,  more 
or  less  exhaustive  investigations  have  been  carried  on  by  smaller 
parties  on  many  parts  of  the  coast  and  interior  waters.  The  fauna 
of  the  Grand  Banks,  and  other  off-shore  fishing  grounds,  has  been 
partly  explored.  In  1872,  1873  and  1874  dredging  was  carried  on 
from  the  coast  survey  steamer  Bache,  by  Professor  Packard  and  i 
Mr.  Cooke,  Professor  Smith,  Mr.  Harger  and  Mr.  Rathbun.  In 
1879  Mr.  H.  L.  Osborne  spent  three  months  in  a  cod-schooner  col- 
lecting material  on  the  Grand  Banks,  and  Mr.  N.  P.  Scudder  as 
long  a  time  on  the  halibut  grounds  of  Davis'  Straits. 

A  most  remarkable  series  of  contributions  have  been  received 
from  tlie  fishermen  of  Cape  Ann.  When  the  Fish  Commission  had 
its  headquarters  at  Gloucester,  in  1878,  a  general  interest  in  the 
zoological  work  sprang  up  among  the  crews  of  the  fishing  vessels, 

iTlic  niinibor  of  drerlging  and  trawling  stations  on  record  Ih  as  follows  :— 


]H71.  Wood's  1 1  oil   345 

JH7-2.  KaKtpf)rt,  200  by  hand,  35  by  Htearner        .       .      .  235 

1873.  I'ortland   149 

1H74.  Noank   223 

1K75,  Wood's  IIoll   1(51) 

1«77.  Halem             T   — 

Halifax            |   378 

]H7h.  (;ioiic<!stor       r   — 

1870.  I'rovinr-otowM  J   — 

Total   1,500 

The  nurnlicr  of  seine  hauls  is  al>oiit  000. 


BY  G.  BROWN  GOODE. 


567 


and  since  that  time  they  have  been  vying  with  each  other  in  efforts 
to  find  new  animals.  Their  activity  has  been  stimulated  by  the 
publication  of  lists  of  their  donations  in  the  local  papers,  and  the 
number  of  separate  lots  of  specimens  received,  to  the  present  time, 
exceeds  eight  hundred.  Many  of  these  lots  are  large,  consisting 
of  collecting-tanks  full  of  alcoholic  specimens.  At  least  thu-ty 
fishing  vessels  now  carry  collecting-tanks  on  every  trip,  and  many 
of  the  fishermen,  with  characteristic  superstition,  have  the  idea 
that  it  insures  good  luck  to  have  a  tank  on  board,  and  will  not  go 
to  sea  without  one.  The  number  of  specimens  acquired  in  this 
manner  is  at  least  fift}^  or  sixty  thousand,  most  of  them  belonging 
to  species  unattainable.  Each  halibut  vessel  sets,  twice  daily, 
lines  from  ten  to  fourteen  miles  in  length,  with  hooks  upon  them 
six  feet  ^part,  in  water  twelve  hundred  to  eighteen  hundred  feet  in 
depth,  and  the  quantity  of  living  forms  brought  up  in  this  manner, 
and  which  had  never  hitherto  been  saved,  is  very  astonishing. 
Over  thirty  species  of  fishes  have  thus  been  added  to  the  fauna  of 
North  America,  and  Professor  Verrill  informs  me  that  the  num- 
ber of  new  and  extra  limital  forms  thus  placed  upon  the  list  of  in- 
vertebrates cannot  be  less  than  fifty. 

A  permanent  collector,  Mr.  Vinal  N.  Edwards,  has  been  em- 
ployed at  Wood's  HoU  and  vicinity  since  1871,  and  many  remark- 
able forms  have  also  been  discovered  b}^  him. 

No  dredging  has  yet  been  attempted  by  the  Commission  south 
of  Long  Island,  though  much  has  been  done  in  shore  work,  espec- 
ially among  the  fishes,  by  special  agents  and  friends  of  the  Com- 
mission, and  by  the  parties  stationed  here  and  there  in  the  work 
of  fish-culture.  Mr.  E.  G.  Blackford,  of  Fulton  Market,  New 
York,  by  carefully  watching  the  market  slabs,  has  added  at  least 
ten  species  of  fishes  to  the  fauna  of  the  United  States.  Mr.  F. 
Mather  is  studying  the  fish  of  Long  Island  and  the  Sound.  Dr. 
Yarrow,  Mr.  Earll,  and  others,  have  collected  from  Cape  Ma}^  to 
Key  West.  The  Gulf  States'  coast  was  explored  last  winter  by  a 
party  conducted  by  Mr.  Silas  Stearns,  who  spent  nine  months  in 
studying  the  food  and  the  census.  The  entire  Pacific  Coast  has 
been  scoured  by  Professor  Jordan  for  the  Commission  and  the  cen- 
sus, and  the  ichthyolog}^  of  that  region  has  been  enriched  by  the 
discovery  of  sixty  species  new  to  the  fauna,  forty  of  them  being 
new  to  science.  A  similar  investigation  on  the  great  lakes  has 
been  carried  over  a  period  of  several  years  by  Mr.  Milner  and  Mr. 
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Knralien.  The  ichthj^ology  of  the  rivers  of  the  country  has  re- 
ceived much  attention  from  the  many  experts  emplo^'ed  by  the 
Commission  in  fisheultiiral  work. 

In  addition  to  these  local  studies  may  be  mentioned  the  general 
explorations  such  as  are  now  being  carried  on  for  the  oyster, 
by  Mr.  Ernest  Ingersoll  and  Mr.  John  F.  Ryder,  for  the  shad  by 
Col.  Mc  Donald,  for  the  smelt  and  the  Atlantic  salmon  by  Mr.  C. 
G.  Atkins,  and  the  Qitinnat  &alnf>on  by  Mr.  Livingston  Stone. 

A  partial  indication  of  what  has  been  accomplished  may  be 
found  in  the  number  of  species  added  to  the  various  faunal  lists. 
Take,  for  instance,  the  eephalopod  mollnsks  of  New  England.  In 
Professor  Yerriirs  recently  published  monographs,  twenty  species 
are  mentioned,  thirteen  of  which  are  new  to  science.  Ten  years 
ago  only  three  were  known. 

I  am  indebted  to  Pro^fessor  Verrill  for  the  following  estimate 
of  the  number  O'f  s[)ecies  added  within  the  past  ten  years  to 
the  fauna  of  New  England,  mainly  by  the  agency  of  the  Com- 
mission : — 


Formerly  Knowa. 

AddiSions. 

Now  Known 

  105 

193 

298 

10 

15 

238 

305 

300 

139 

Mollusca  

  31T 

109 

42(> 

41 

88 

35 

55 

25 

51 

91 

147 

0 

5 

80 

90 

•78 

180 

800 

1,000 

1,800 

It  is  but  just  to  say  that  many  of  these  species  wore  obtained 
by  Pi-ofe.ssor  Verrill  in  the  course  of  liis  independent  explorations 
in  Maine  aud  Connecticut  previous  to  1871.'* 

A  similar  estimate  for  the  (ishcs  indicates  the  discovery  of  at 
least  on(!  hundred  species  on  the  eastern  Atlantic  coast  wilhin  ten 
years  ;  half  of  these;  an;  new  to  scioiu^e.  Forty  species  have  been 
.•iddcd  to  tlx;  fauna  north  of  Cap(!  C(m1  ;  sixle(Mi  of  tliese  are  new 
and  have  )>een  found  within  thi(;e  years;  seventeen  iiave  been  de- 
scribed as  new  from  tlie  (iulf  of  Mexi(M>;  sixty,  and  more,  have 

A  f'c\r  i\nyH  Jifter  tlic;  icjmIIhk  of  UiIh  p.-ipcr  a  lunv  ruiiiiu  wiih  «li.scov('ic<|  altoiil.  one 
)iiMi(|i-o<l  uiiloH  HoiillioiHt  of  Ni;W(Mii'l,  uiul  Hfvcr.'il  liiiitih'iMl  luiiubers  might  now  l>o 
aUili^cl  lo  ih\->  cnutncration. 


BY  G.  BROWN  GOODE. 


569 


been  added  upon  the  West  coast.  The  results  of  the  summers' 
campaigns  are  worked  in  winter  by  the  specialists  of  the  National 
Museum,  and  under  the  direction  of  Professor  Verrill,  in  New 
Haven. 

One  of  the  important  features  of  the  work  is  the  preparation  of 
life  histories  of  the  useful  marine  animals  of  the  countr}^,  and  great 
quantities  of  material  have  been  accumulated  relating  to  almost 
every  species.  A  portion  of  this  has  been  published,  more  or 
less  complete  biographical  monographs  having  been  printed  on  the 
bluefish.  the  scup,  the  menhaden,  the  salmon  and  the  whitefish, 
and  others  are  nearly  read}^ 

Another  monograph  which  may  be  referred  to  in  this  connection 
is  that  of  Mr.  Starbuck  on  the  whale  fishery,  giving  its  history 
from  the  isarliest  settlement  of  North  America. 

The  temperature  of  the  water,  in  its  relation  to  the  movements 
of  fish,  has  from  the  first  received  special  attention.  Observations 
are  made  regularl}^  during  the  summer  work,  and  at  the  various 
hatching  stations.  At  the  instance  of  the  Commissioner,  an  exten- 
sive series  of  observations  have  for  several  years  been  made  under 
the  direction  of  the  chief  signal  officer  of  the  army,  at  lighthouses, 
lightships,  life-saving  and  signal  stations,  carefully  chosen,  along 
the  whole  coast.  This  3^ear  thirty  or  more  fishing  schooners  and 
steamers  are  carrying  thermometers  to  record  temperatures  upon 
the  fishing  grounds,  a  journal  of  the  movements  of  the  fish  being 
kept  at  the  same  time.  One  practical  result  of  the  study  of  these 
observations  has  been  the  demonstration  of  the  cause  of  the  fail- 
ure of  the  menhaden  fisheries  on  the  coast  of  Maine  in  1879  —  a 
failure  on  account  of  which  nearly  2,000  persons  were  thrown  out 
of  employment. 

Another  important  series  of  investigations  carried  on  by  Com- 
mander Beardsley,  of  the  navy,  shows  the  error  of  the  ordinary 
manner  of  using  the  Casella  Miller  deep-sea  thermometer ;  still 
another  series  made  by  Dr.  Kidder,  of  the  navy,  and  to  be  carried 
out  in  future,  had  for  its  object  the  determination  of  the  tempera- 
ture of  the  blood  of  marine  animals. 

Observations  have  also  been  made  by  Mr.  Milner  upon  the 
influence  of  a  change  from  sea  water  into  fresh  water  and  from 
fresh  water  into  sea  water  upon  the  young  of  diff'erent  fishes. 

Mr.  II.  J.  Rice  carried  on  series  of  studies  upon  the  effect  of 
cold  in  retarding  the  development  of  incubating  fish  eggs. 
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A  series  of  anal3^ses  have  been  made  hy  Professor  Atwater  to 
determine  the  chemical  composition  and  nutritive  vakie  of  fish  as 
compared  with  other  articles  of  food.  This  investigation  is  still 
in  progress. 

In  connection  with  the  work  of  fish  culture  much  attention  has 
been  paid  to  embryology.  The  breeding  times  and  habits  of 
nearly  all  of  our  fishes  have  been  studied,  and  their  relations  to 
water  temperatures.  The  embrj^ological  history  of  a  number  of 
species,  such  as  the  cod,  shad,  ale  wife,  salmon,  smelt,  Spanish 
mackerel,  striped  bass,  white  perch,  and  the  oyster,  have  been  ob- 
tained under  the  auspices  of  the  Commission,  by  Messrs.  Brooks, 
R3"der,  Schseffer,  Rice,  and  others. 

The  introduction  of  new  species,  in  water  in  which  they  were 
previously  unknown,  is  of  special  interest  to  the  student  of  geo- 
graphical distribution.  Through  the  agency  of  the  Commission 
the  German  carp  has  already  been  placed  in  nearly  every  State 
and  Territory,  although  the  work  of  distribution  has  only  just 
begun,  and  the  tench  {Tinea  vulgaris)^  and  the  golden  orfe  {Idus 
melanotus)^  have  been  acclimated  ;  the  shad  has  been  successfully 
planted  in  the  Mississippi  valley  and  on  the  coast  of  California,  and 
the  California  salmon  in  the  rivers  of  the  Atlantic  slope.  The  ma- 
rsena,  or  lake  whitefish,  of  Europe,  has  been  introduced  into  a  lake  of 
Wisconsin.  It  is  not  my  purpose  to  speak  of  the  great  success  in 
restocking  with  shad  and  salmon  several  rivers  in  which  the  supply 
was  almost  exhausted,  and  in  planting  the  Schoodic  salmon  in 
numerous  lakes.  By  an  act  of  international  courtesy,  California 
salmon  have  been  successful!}^  introduced  into  New  Zealand  and 
Germany.  The  propagation  work  has  increased  in  importance 
from  year  to  year,  as  may  be  seen  by  the  constant  increase  in  the 
amount  of  the  annual  appropriation.  A  review  of  the  results  of 
the  labors  of  tlie  commission,  in  increasing  the  food  supply  of  the 
country,  may  be  found  in  the  annual  reports  ;  the  rude  api)liances 
of  fish  culture  in  use  ten  years  ago  liave  given  vva}^  to  scieutincally 
devised  apparatus,  by  wliicli  millions  of  eggs  are  hatched  where 
thousunds  were,  and  the  demonstration  of  the  possibility  of  stock- 
ing rivers  and  lakes  to  any  desired  extent  has  been  greatly 
strengthened.  'J'IiIh  work  was  for  six  years  most  efficiently  di- 
rected by  the  late  Mr.  James  \V.  Milner,  and  is  now  in  charge  of 
Maj.  T.  B.  Ferguson,  also  commissioncir  for  the  State  of  Mary- 
l.'uifl,  by  whom  has  been  devised  the  machiiioiy  for  propagation  on 
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a  gigantic  scale,  by  the  aid  of  steam,  which  is  now  so  successfully 
in  use,  revolutionizing  the  art  of  fish  culture. 

The  investigation  of  the  statistics  and  history  of  the  fisheries 
has  perhaps  assumed  greater  proportions  than  was  at  first  contem- 
plated. One  of  the  immediate  causes  of  the  establishment  of  the 
Commission  was  the  dissension  between  the  line  and  net  fishermen 
of  southern  New  England  with  reference  to  laws  for  the  protection 
of  the  deteriorating  fisheries  of  that  region.  The  first  work  of 
Prof.  Baird,  as  Commissioner,  was  to  investigate  the  causes  of 
this  deterioration,  and  the  report  of  that  year's  work  includes 
much  statistical  material.  In  the  same  year  a  zoological  and 
statistical  surve}^  of  the  great  lakes  was  accomplished,  and  various 
circulars  were  sent  out  in  contemplation  of  the  preparation  of 
monograpliic  reports  upon  the  special  branches  of  the  fisheries, 
some  of  which  have  already  been  published. 

In  1877,  the  Commissioner  and  his  staff  were  summoned  to 
Halifax  to  serve  as  witnesses  and  experts  before  the  Halifax 
Fishery  Commission,  then  charged  with  the  settlement  of  the 
amount  of  compensation  to  be  paid  by  the  United  States  for  the 
privilege  of  participating  in  the  fisheries  of  the  Provinces.  The 
information  at  that  time  available  concerning  the  fisheries  was 
found  to  be  so  slight  and  imperfect  that  a  plan  for  systematic 
investigation  of  the  subject  was  arranged  and  partially  undertaken. 
The  work  was  carried  on  for  two  seasons  with  some  financial  aid 
from  the  Department  of  State.  In  1879  an  arrangement  was 
made  with  the  Superintendent  of  the  Tenth  Census,  who  agreed 
to  bear  a  part  of  the  expense  of  carrying  out  the  scheme  in  full. 
Some  thirty  trained  experts  are  now  engaged  in  the  preparation  of 
a  statistical  report  on  the  present  state  and  the  past  history 
of  the  fisheries  of  the  United  States.  This  will  be  finished  next 
year,  but  the  subject  will  hereafter  be  continued  in  monographs 
upon  separate  branches  of  the  fisheries,  such  as  the  halibut 
fishery,  the  mackerel  fishery,  the  shad  fishery,  the  cod  fishery, 
the  herring  fishery,  the  smelt  fishery  and  various  others  of  less 
importance. 

Hundreds,  and  even  thousands,  of  specimens  of  a  single  species 
are  often  obtained.  After  those  for  the  National  Museum  have 
been  selected,  a  great  number  of  duplicates  remain.  These  are 
identified,  labelled  and  made  into  sets  for  exchange  with  other 
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mnseums  and  for  distribution  to  schools  and  small  museums.  This 
is  in  accordance  with  the  time-honored  usage  of  the  Smithsonian 
Institution,  and  is  regarded  as  an  important  branch  of  the  work. 
Several  specialists  are  employed  solely  in  making  up  these  sets 
and  in  gathering  material  required  for  their  completion.  Within 
three  3'ears  fifty  sets  of  fishes  in  alcohol,  including  at  least  ten 
thousand  specimens,  have  been  sent  out,  and  fifty  sets  of  inverte- 
brates, embracing  one  hundred  and  seventy-five  species  and  two 
hundred  and  fifty  thousand  specimens.  One  hundred  smaller  sets 
of  representative  forms  intended  for  educational  purposes,  to  be 
given  to  schools  and  academies,  are  now  being  prepared. 

The  arrangement  of  the  invertebrate  duplicates  is  in  the  charge 
of  Mr.  Richard  Rathbun  ;  of  the  fishes,  in  that  of  Dr.  T.  H.  Bean. 

Facilities  have  also  been  given  to  many  institutions  for  making 
collections  on  their  own  behalf. 

Six  annual  reports  have  been  published,  with  an  aggregate  of 
5,650  pages.  These  cover  the  period  from  1871  to  1878.  Many 
papers  relating  to  the  work  have  been  published  elsewhere  —  par- 
ticularly descriptions  of  new  species  and  results  of  special  faunal  ex- 
ploration. 

AN  EPITOME  OF  THE  HISTORY  OF  THE  COMMISSION. 
1871. 

The  Commissioner,  with  a  party  of  zoologists,  established  the 
first  summer  station  at  Wood's  IIoll,  Mass.,  other  assistants  being 
engaged  in  a  similar  work  at  Cape  Ilatteras  and  the  Great  Lakes. 
He  also  personally  investigated  the  alleged  decrease  of  the  fish- 
ei  ies  in  southern  New  England,  taking  tlie  testimony  of  numerous 
witnesses. 

1872. 

This  year  tlie  summer  station  was  at  Kastport,  Maine,  i)arti(;ular 
attention  Ix.'ing  paid  to  the  lierring  fisiieries.  Tlie  survey  of  tlie 
Great  Lui\(!S  was  continued.  l)i-edging,  under  tlic  direction  of 
I'rofessor  Packard,  was  Ijegun  on  tlie  off-sliorc  banks.  At  tlie  in- 
stance of  the  American  Fish  Cultural  Association,  Congress  re- 
quested the  ConimiHsioncr  to  take  cluirge  of  the  work  of  multiply- 
ing valuable  food  fishes  throughout  the  country.    Work  was  begun 
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oil  tlie  slmd,  salmon  and  wliitefisli,  and  the  eggs  of  the  European 
salmon  were  imported. 

1873. 

The  summer  headquarters  were  fixed  at  Portland,  Maine.  The 
opportunities  for  research  were  greatly  increased  by  the  aid  of  the 
Secretaiy  of  the  Navy,  who  granted  the  use  of  an  eighty-ton 
steamer. 

Explorations  in  the  outer  waters  between  Mt.  Desert  and  Cape 
Cod  were  carried  on  in  the  United  States  Coast  Survey  steamer 
Bache.  Operations  in  fish  culture  were  carried  on  upon  an  exten- 
sive scale. 

1874  —  1875. 

In  1874  the  zoological  work  centred  at  Noank,  Conn.  The 
attempt  was  made  to  introduce  shad  into  Europe.  In  1875  the 
station  was  for  a  second  time  at  Wood's  Holl,  where  a  permanent 
seaside  laboratory,  with  aquaria,  was  now  established.  The 
number  of  investigations  this  year  was  about  twenty.  The  in- 
crease in  the  propagation  work  was  proportionately  much  larger. 

1876. 

This  year  the  Commissioner  was  unable  to  take  the  fishes  and 
useful  inver^brates  in  behalf  of  the  Commission  field  for  fishery  in- 
vestigations, having  been  instructed  to  exhibit,  in  connection  with 
the  Philadelphia  International  Exhibition,  the  methods  of  fish  cul- 
ture and  the  American  fisheries.  Much,  however,  was  accom- 
plished by  single  investigators  in  various  localities.  The  propaga- 
tion work  continued.  This  year  the  first  carp  were  introduced 
from  Germany. 

1877. 

The  field  of  investigation  was  resumed  at  Salem,  Mass.,  and 
later  at  Halifax,  N.  S.  A  larger  steamer  of  300  tons  made  deep 
sea  research  possible.  The  Commissioner  and  his  stafl['  served  as 
experts  before  the  Halifax  Fisheiy  Commission.  The  propagating 
work  was  on  the  increase,  and  the  government  carp  ponds  were 
established  in  Washington. 
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1878  —  1879. 

In  1878  the  summer  station  was  at  Gloucester,  Mass. ;  in  1879 
at  Provincetown.  These  centres  of  the  fishing  interests  were  se- 
lected that  more  attention  might  be  devoted  to  studying  the  his- 
tory, statistics  and  methods  of  the  sea  fisheries  ;  a  plan  for  tiie 
sj^stematic  investigation  which  seemed  yearly  more  necessar}^  in 
view  of  the  dissensions  between  the  governments  of  the  United 
States  and  Great  Britain.  In  1879  a  combination  was  formed 
with  the  Superintendent  of  the  Tenth  Census,  by  which  the  Com- 
missioner was  enabled  to  carry  more  rapidly  forward  this  branch 
of  the  work.  Specialists  were  dispatched  to  all  parts  of  the  coun- 
try to  study  the  biological,  statistical  and  practical  aspects  of  the 
fisheries.  In  1878  the  breeding  of  cod  and  haddock  was  accom- 
phshed  at  Gloucester.  In  1879  the  propagation  of  the  oyster  was 
accomplished,  by  cooperation  with  the  Maryland  Commission  under 
the  direction  of  Major  Ferguson,  and  the  distribution  of  the  cai  p 
throughout  the  country  was  begun. 

1880- 

The  summer  station  is  at  Newport,  R.  I.  The  Fish  Hawk,  a 
steamer  of  484  tons,  constructed  expressly  for  the  work  of  the 
commission,  lies  at  the  wharf,  now  equipped  for  scientific  research, 
later  to  be  employed  in  the  propagation  of  sea  fish  such  as  the  cod 
and  the  mackerel.  Over  fifty  investigators  are  in  the  field  in  the 
service  of  the  commission.  The  season  was  opened  by  the  partic- 
ipation of  the  commission  in  the  International  Exhibition  at  Ber- 
lin. The  first  honor  prize,  the  gift  of  the  Emperor  of  Germany, 
was  awarded  to  Professor  Baird,  not  alone  as  an  acknowledg- 
ment that  the  display  of  the  United  States  was  the  most  per- 
fect and  most  imposing,  but  as  a  personal  tribute  to  one  who,  in 
the  words  of  the  President  of  the  Dcutsclier  Fischerei  Verein,  is 
regarded  in  Europe  as  the  first  fisliculturist  in  the  world. 
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The  Spanish  Mackerel,  and  its  Artificial  Propagation.  By 
Charles  W.  Smiley,  of  Washington,  D.  C. 

1.    NAMES  AND  CHARACTERISTICS. 

The  fish  to  be  noticed  in  this  paper  is  a  member  of  the  family 
ScovLbridce,  described  by  Mitchill  as  the  Cyhium  maculatam.  Its 
general  appearance  is  much  like  that  of  the  common  mackerel. 
Scomber  scombrus,  though  it  is  considerably  larger.  Its  color  is 
greenish  above,  blending  into  ashen  gray.  Its  sides  and  all 
beneath  are  lustrous  white,  while  about  twent}^  j^ellowish  round 
spots,  a  quarter  of  an  inch  in  diameter,  are  irregularly  distributed 
along  the  sides.  Its  eyes  are  large  :  its  mouth  is  also  large  and 
armed  with  acute  and  slightly  conical  teeth,  which,  however,  are 
wanting  in  front.  Its  length  is  seventeen  to  twenty  inches. 
De  Kay,  while  describing  it  as  Cybium  macidatum,  calls  it  the 
"  spotted  cybium,"  and  applies  the  name  Spanish  mackerel  to  the 
Scomber  colias.  It  is  true  that  the  Scomber  coUas  formerly  monop- 
olized the  term  Spanish  mackerel,  for  it  was  then  in  market  and 
sold  in  considerable  quantities.  Great  schools  of  these  fish  ap- 
peared in  New  York  Bay  in  1811  and  1813.  About  1820,  they 
were  exceedingly  abundant  at  Gloucester,  and  Provincetown, 
Mass.  But  it  has  disappeared  from  our  coast.  During  a 
ten  3'ears'  search  no  specimen  has  been  taken  nnless  a  rare  speci- 
men taken  by  Hon.  Samuel  Powel,  of  New^port,  R.  I.,  October  22, 
1875,  was  of  this  species.  Mr.  Powel  was  very  certain  that  it  was 
Scomber  colias.  However  no  specimen  is  known  to  exist  in  any 
Museum.  But  the  vernacular  still  has  a  use  for  the  name, — 
Spanish  mackerel,  having  transferred  it  to  the  Cybium  maculatum. 
The  latter  was  first  described  by  Mitchill  more  than  sixty  years  ago. 
It  was  then  very  scarce  in  our  waters,  though  believed  to  be 
abundant  in  the  Gulf  of  Mexico  and  Caribbean  sea.  Of  late  years 
it  has  appeared  in  larger  and  larger  numbers  along  our  coast, 
extending  as  far  north  as  Narragansett  Bay. 


2.    LOCALITY  AND  ABUNDANCE. 


In  1854,  Professor  Theodore  N.  Gill,  of  the  Smithsonian  Institu- 
tion, reported  it  to  be  of  very  slight  commercial  importance.  Seth 
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Green  places  its  first  appearance  within  fifteen  years.  Few,  if  an}^ 
were  taken  in  Cliesapeake  Ba}'  prior  to  1870.  It  is  now  found  in 
schools  off  Fire  Island,  the  shoals  annually  increasing  in  size,  one 
having  been  reported  five  miles  square.  About  1872  or  1873  there 
was  quite  an  abundance  of  this  fish  in  Narragansett  Ba}^  Between 
three  hundred  and  four  hundred  were  taken  at  one  haul  of  the  seine, 
but  the  run  was  short,  and  the  fish  did  not  reappear.  The 
Chesapeake  Bay  has  been  annuall}-  visited  by  large  schools  for 
several  years  where  it  is  known  as  the  "  bay  mackerel."  None 
were  known  to  have  been  marketed  there  prior  to  1870,  but  in 
1879,  1,300,000  of  this  fish  were  sold,  and  the  season  of  1880  is 
expected  to  yield  2,000,000.  The}^  are  taken  in  pound-nets  and 
gill-nets.  At  Cherry-stone,  Maryland,  there  are  fourteen  pofinds, 
which  average  a  catch  of  five  hundred  to  a  day.  As  many  as  4,000 
per  da}'  have  been  taken  in  a  single  pound  on  the  eastern  shore  of 
the  Chesapeake,  while  2,500  is  not  a  rare  catch  with  one  pound. 
The  bav  fish,  however,  are  smaller  and  leaner  than  those  caught 
farther  north.  The  fishermen  disagree  in  regard  to  the  lengtli  of 
time  in  which  schools  have  visited  the  bay',  some  asserting  that 
there  were  only  scattering  fish  prior  to  1875,  and  others  that  schools 
liave  appeared  for  many  years  ;  but  all  agree  that  there  has  been  a 
surprising  increase  during  the  last  five  years.  The  occurrence  of 
the  fish  hardly  ought  to  be  judged  by  the  amount  caught,  for  the 
increase  in  catch  has  been  entirely  coincident  with  the  increase  of 
pound  and  net-fishing.  It  is  well  known  that  the  fish  ordinarily 
refuses  the  hook. 


3.    METHOD   OF  CAPTURE,  AND  SALE. 


The  first  i)ound,  which  was  I'cally  a  success  in  the  Chesapeake, 
was  constructed  i)y  George  Snediker  at  New  Point,  Va.,  in  1875. 
Now  tl'.ere  are  one  inindi-(?d  and  sixty-four  between  cai)e  Ciiarles 
and  the  RappMliannock  rivei'.  Two  years  later,  gill-nets  were 
inl rodiK'cd  Miid  (•.•iiiic  inniUMlijUcly  into  genci.'d  favor.  This  season 
tin.'re  nvc  one  liiindrcid  and  scsventy-five  nien,  betwecni  Snfitli's 
iHland  .'I lid  ( )ccoliamocIv  cngnged  in  taking  S[)anish  niack- 

erci,  A  net,  Hcventy'-li v(;  to  one  iiuiidicd  fathoms  h>iig,  will 
average  tw(mty  to  forty  lish  })er  (hiy,  and  as  many  as  five  liiiii(h(!d 
have  been  tak(;n  in  tiiat  hnigtii  of  tinn;.  The  fish  average  from  one 
and  om.'-lialf  to  two  pounds  eacii  in  weight.    The  markets  in  the 
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order  of  their  importance,  are  Baltimore,  New  York  and  Phila- 
delphia. Ill  the  New  York  market  the  receipts,  since  1878,  have 
been  as  follows : 


MONTH. 

1878. 

1879, 

1880. 

April 

96  lbs.! 

19  lbs. 

Mat 

6,9S0  Ibs.i 

5,974 

13,958 

June  : 

56,642 

38,803 

62,964 

July 

112,652 

114,309 

August 
September 

72,786 

98,277 

21,504 

46,596 

October 

3,699 

4,451 

November 

650 

657 

December 

3 

274,913  lbs. 

309,168  lbs. 

76,941  lbs. 

4.  MARKET  PRICES. 

In  New  York  market  the  price  per  pound  ranged  from  eighteen 
to  thirty  cents  during  1879  ;  for  May,  1880,  from  fifteen  to  forty 
cents,  but  owing  to  the  large  shipments  in  June  the  price  fell  to 
ten  to  fifteen  cents.  On  special  occasions  the  fish  have  sold 
readil}^  at  one  dollar  per  pound.  The  catch  of  1873  at  Newport, 
R.  I.,  was  sold  at  prices  varying  from  seventy-five  cents  to  one 
dollar  per  pound. 

5.  THE  MIGRATIONS. 

This  fish  usually  appears  in  the  Chesapeake  in  May,  when  the 
temperature  has  reached  65  or  70  degrees,  and        number  in- 
creases until  the  middle  of  June.     They  remain  mbundant  until 
September  and  diminish  as  the  temperature  of  the  water  falls,  until, 
/  in  early  October,  nearly  all  have  disappeared.     They  come  in 

small  schools,  but  later  get  scattered,  and  often  quite  isolated. 
Before  leaving,  the  schools  seem  to  be  somewhat  reformed.  The 
individuals  of  the  schools  are  of  diff'erent  sizes,  the  males  and 
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females  often  disproportionately  mingled.  They  seem  to  avoid 
the  brackish  waters  and  do  not  enter  the  rivers  at  all.  They  are 
less  plentiful  in  the  upper  Chesapeake. 

6.  SPAWNING. 

Six  months  ago  no  one  knew  the  first  particular  of  their 
spawning.  The  size  and  character  of  the  eggs  were  unknown. 
No  limit  had  ever  been  fixed  for  the  spawning  period.  The 
shrewdest  guess  was  that  they  spawned  in  the  warm  water  of  the 
south  in  midwinter.  Their  rare  quality  as  a  food-fish  and  the 
success  in  artificially  hatching  shad,  salmon,  cod,  and  other 
edible  fish,  had  led  the  United  States  fish  commission  to  desire 
much  the  lacking  information. 

In  the  winter  of  1879  and  1880,  by  direction  of  Professor  S.  F. 
Baird,  commissioner,  Mr.  R.  E.  Earll,  for  several  years  connected 
with  the  Propagation  Department  of  the  Fish  Commission,  and 
Col.  Marshall  McDonald,  commissioner  of  the  state  of  Virgfinia, 
made  an  exploring  tour  along  the  southern  coast  from  Florida 
northward.  To  Mr.  Earll  were  assigned  the  salt  water  fishes,  and 
to  Col.  McDonald  those  of  the  fresh  water.  In  late  spring,  they 
bad  passed  Norfolk  and  entered  upon  the  examination  of  the 
Chesapeake  bay.  They  had  been  constantly  on  the  alert  for 
spawning  mackerel  and  were  at  last  rewarded  about  June  1st, 
when  ripe  fish  were  discovered  by  them  in  the  lower  i^art  of  the 
bay,  and  the  announcement  was  made  to  the  commissioner  by  Col. 
McDonald.  This  led  to  a  further  investigation,  till  upon  reaching 
Mobjack  bay,  enormous  quantities  were  found  actually  depositing 
their  eggs.  Mr.  Earll  who  is  a  member  of  this  Association,  but 
una)>le  to  attend  this  meeting,  and  who  has  furnished  all  the  facts 
concerning  his  v.ork  for  this  paper,  at  once  telegraphed  the  extent 
of  the  discovery  to  Professor  Baird,  in  Washington,  and  reported 
in  person  sonu^^lays  later. 

7.  KXPEKIMENTS. 

Piorcssor  ]5aird,  who  secaned  moie  gi'atified  with  this  discovery 
than  with  tlie  woi  Id's  i>rize  just  announced  ))y  cable  as  awarded  to 
him  personally  at  the  International  Fisheiy  Exliibition  at  Berlin, 


BY  CHARLES  W.  SMILEY. 


579 


directed  Mr.  Earll  on  June  17th  to  return  to  the  bay;  and,  by  a 
series  of  experiments,  to  ascertain  whether  the  fish  could  be 
artificially  hatched.  Professor  Baiid  offered  him  the  use  of  a 
steamer  for  the  purpose,  b}^  means  of  which  all  the  different  kinds 
of  hatching  apparatus  could  be  tried  in  the  experiment.  But  after 
advising  with  Col.  McDonald,  Mr.  Earll  concluded  to  make  the 
first  attempt  with  such  apparatus  as  could  be  prepared  on  the 
ground.  June  21st,  Mr.  Earll  started  for  Crisfield,  Md.,  on  the 
eastern  shore  of  the  Chesapeake,  and  during  the  following  ten 
days  conducted  his  experiments  there,  obtaining  his  supply  of  eggs 
from  the  pound-nets  of  Mr.  J.  E.  N.  Sterling,  who  rendered  every 
possible  assistance.  Mr.  Earll  found  the  number  of  eggs  produced 
by  a  single  fish  to  be  from  50,000  to  500,000,  according  to  the 
size  of  the  fish,  the  latter  number  having  been  taken  from  a  fish 
weighing  one  and  three-fourths  pounds.  Instead  of  all  the  eggs 
ripening  at  once,  as  is  true  in  the  case  of  the  shad,  onl}^  a  part  are 
.  thrown  at  a  time  and  at  intervals  of  a  few  da3's,  probably  extend- 
ing through  two  to  three  months.  This  is  analogous  to  the  cod 
which  deposits  its  eggs  at  intervals  during  five  or  six  months. 
Different  individuals  of  mackerel  were  found  to  vary  in  their  time 
of  spawning ;  some  ripening  a  considerable  time  before  others, 
and  the  males  seeming  to  ripen  somewhat  in  advance  of  the 
females.  From  40,000  to  130,000  eggs  were  obtained  at  one  time 
from  a  single  fish.  The  shad  however  yields  only  20,000  to  30,000 
as  its  fruit  of  an  entire  season.  The  cod,  on  the  other  hand,  are 
so  prolific,  that  a  twenty-one  pound  fish  has  yielded  2,700,000 
eggs,  and  a  seventy  pound  fish  has  yielded  9,000,000  eggs. 

When  the  fish-  had  remained  in  the  nets  several  days,  Mr.  Earll 
found  that  the  most  of  the  spawning  females  had  deposited  all 
their  ripe  eggs.  The  greatest  quantities  w^ere  secured  from  indi- 
viduals that  had  remained  in  the  pound  but  a  few  hours.  It  is 
believed  that  when  confined,  the  female  presses  against  the  netting 
in  its  efforts  to  escape,  and  produces  an  abnormal  discharge  of 
eggs  ;  but  it  would  result  in  the  imi)regnation  of  a  much  larger 
number  of  eggs  than  would  chance  to  be  fertilized  in  a  natural 
wa3^  The  males  and  females  being  caught  side  by  side  in  consid- 
erable numbers,  both  eggs  and  milt  would  be  present  in  the 
water  in  such  quantities  that  they  could  not  fail  to  come  in  contact 
before  vitality  is  lost. 
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8.  FERTILIZATION. 

The  eggs  are  easil}^  fertilized.  It  is  merely  necessary  that 
they  come  into  contact  with  the  milt  of  the  male  in  any  re- 
ceptacle of  water.  A  half  hour  after  contact  with  the  milt,  the 
eggs  swell  and  become  too  hard  to  be  broken  by  the  pressure  of 
the  thumb  and  finger.  The  water  in  which  fertilization  took  place 
can  then  be  replaced  by  clean  water,  and  the  eggs  are  ready  for  the 
hatching  apparatus.  Their  specific  gravity  is  now  so  nearly  equal 
to  that  of  salt  water  that  when  the  water  is  at  rest  they  float  upon 
its  surface,  remain  suspended  in  the  water,  or  occasionall}^  sink 
slowl}'  to  the  bottom.  The  least  current  will  cause  them  to  be 
distributed  through  the  liquid.  Mr.  Earll  discovered  a  small  oil 
globule  in  each  egg  which  serves  the  purpose  of  buoying  it.  The 
impregnated  egg  is  also  so  transparent  that  the  fishermen,  who 
are  not  usually  very  observing,  would  never  suspect  their  presence. 
The  eggs  are  smaller  than  eggs  of  almost  any  other  species,  and 
have  an  average  diameter  of  only  one-twent^^-eighth  of  an  inch. 
It  has  been  estimated  as  will  be  seen  that  21,952  would  make  a 
cubic  inch,  and  a  quart,  57|  cubic  inches,  would  hold  1, 207,728 

The  period  of  hatching  is  greatly  influenced  by  the  temperature 
of  the  water.  The  average  temperature  during  the  experiments 
at  Crisfield  was  84  degrees  Fahrenheit.  Ten  hours  after  contact 
with  the  milt  the  outline  of  the  fish  could  be  discerned  by  the 
naked  eye.  Tlie  fish  is  formed  with  the  curve  of  its  back  at  the 
lowest  point  of  the  egg.  In  fifteen  and  one-half  hours,  the  fish 
began  to  hatch.  In  eighteen  hours,  one-half  of  the  eggs  had 
hatched,  and  in  twenty  hours,  all  were  out.  Experiments  in  water 
at  78  degrees  Fahrenheit  showed  that  24  hours  were  necessary  for 
hatcliing.  A  more  remarkable  efifect  of  temperature  is  observed  in 
the  case  of  the  cod.  Jn  vvatei-  at  45  d(;grees,  cod  have  been 
hatched  in  thiit(;cn  days;  but  in  water  at  31  degrees,  fifty  days 
were  occupied  in  Imtching. 

'J'Ik;  newly  jjatched  mackerel  are  about  one-eighth  of  an  inch  in 
length,  .'ind  ho  snndl  as  to  (jscnpe  thiough  wire-cloth  with 
thirty-two  tlne.'ids  to  the  inch,  and  arc;  nlniost  colorless.  The 
food-sac,   situated   well    forward,    is   (juite   large  in  pi-o[)ortion 
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to  the  bod}^,  the  anterior  margin  extending  to  the  lower  jaw. 
While  floating  on  its  back  for  several  hours,  during  its  helpless 
condition,  it  passes  safely  over  the  heads  of  its  enemies,  and 
is  protected  from  being  wrecked  in  sand  or  weeds.  While 
in  this  almost  motionless  condition,  it  occasionally  indulges  in 
spasmodic  efforts  similar  to  those  noticeable  in  freeing  itself 
from  the  shell.  After  a  few  hours,  becoming  more  vigorous, 
it  gets  to  a  depth  of  an  inch  or  more  below  the  surface  of 
the  water.  After  a  day  or  two,  the  food-sac  is  less  promi- 
nent and  the  fish  experiences  less  difficulty  in  swimming  at 
various  depths.  The  young  mackerel,  hatched  by  Mr.  Earll,  were 
so  hardy  that  forty  were  confined  in  a  goblet  without  change  of 
water  for  two  days  before  the  first,  fish  died ;  others  placed  in 
water  which  was  allowed  to  cool  gradually,  and  immediately 
transferred  to  water  ten  degrees  warmer,  were  not  injured  in  the 
least.    In  fresh  water  they  slowly  sank  and  died  in  a  few  hours. 

Mr.  Earll  also  found  that  a  fair  percentage  of  eggs  could  be 
hatched  in  still  water  with  but  one  or  two  changes  during  their 
development.  Eggs  taken  at  6  p.  m.  and  allowed  to  remain  in  a 
basin  of  water  till  morning,  when  another  change  was  made, 
hatched  with  very  small  percentage  of  loss.  Samples  of  all  the 
different  stages  of  development  were  preserved  in  alcohol  and 
glycerine  for  the  National  Museum.  Over  half  a  million  were 
hatched  by  the  various  methods  and  at  various  times. 

9.  APPARATUS. 

The  apparatus  used  in  these  experiments  being  made  on  the  spot, 
though  very  primitive,  was  as  successful  as  could  possibly  be 
desired.  The  apparatus  consisted  simply  of  floating-boxes  with 
bottoms  made  of  wire-cloth.  The  cloth  was  plated  with  nickel  to 
prevent  injurious  action  of  the  salt  water  and  contained  thirty-two 
wires  to  the  inch.  After  it  was  found  that  a  lot  offish  had  escaped 
through  it,  only  the  shells  remaining  to  prove  that  hatching  had 
taken  place,  the  wire  and  each  aperture  were  covered  with  coarse 
cotton  cloth.  The  boxes  were  provided  with  covers  for  protection 
against  storms,  or  wind  or  rain,  but  were  provided  with 
openings  on  the  sides  to  admit  fresh  water  from  above.  The  box 
giving  best  results  was  arranged  on  a  principle  similar  to  that 
employed  by  Captain  H.  C.  Chester  in  the  experiments  with  codfish 


582  THE  SPANISH  MACKEREL  ;  BY  CHARLES  W.  SMILEY. 

at  Gloucester,  in  the  Vvinter  of  1878.  It  had  openings  on  two  sides 
even  with  the  w'ater  line.  Just  below  these  on  the  outside  of  the 
box  were  wooden  floats  about  three  inches  wide.  These  were  placed 
at  an  angle  with  the  surface  so  that  the  ordinary  wave-action 
would  cause  the  water  to  run  up  the  slight  incline,  and  after 
reaching  the  highest  points,  passed  down  through  the  wire-cloth 
into  the  box,  thus  giving  a  constant  change  of  water  without  tlie 
aid  of  tide  or  currents.  Other  boxes  w^ere  arranged  in  the  ordinary 
way,  to  utilize  the  action  of  both  tides  and  currents.  These  set 
obliquel}'  in  the  water,  so  that  the  motion  would  force  it  through 
the  bottom.  In  addition  each  had  a  large  opening  covered  with 
wire-cloth  below  the  surface  of  the  water  on  its  front  side  to  give 
additional  circulation.  The  boxes  were  moored  in  the  harbor 
where  the  tide  was  strongest,  and  by  means  of  them  a  greater  part 
of  the  eggs  was  successfully  hatched.  The  loss  in  one  instance 
was  less  than  fifteen  per  cent. 

10.    CONFIRMATION  AND  PRACTICAL  RESULTS. 

After  the  experiments  of  Mr.  Earll  were  over,  very  gratifying 
confirmation  of  the  results  reached  by  him  was  had  in  the  micros- 
copic studies  of  Mr.  John  A.  Ryder,  of  the  Fish  Commission. 
The  fish-hatching  steamer  "  Lookout,"  under  the  direction  of 
Major  Ferguson,  going  down  the  bay,  Mr.  Ryder  im[)roved  the 
opportunity  to  hatch  a  small  number  offish  and  to  make  drawings 
of  the  eml)ryo  in  different  stages  of  development.  He  found  that 
when  the  embryo  was  freed  from  the  shell,  the  changes  occurred 
rapidly.  In  seven  hours  he  detected  the  outline  of  a  fish  ;  in 
seventeen,  the  liead  and  eyes,  and  in  twenty  a  free  fish,  lie  dis- 
covered the  oil-globule  attached  to  the  lower  end  of  the  umbilical 
sac,  which  lie  pronounced  to  exist  in  no  other  fish  which  has  been 
artificially  propagated.  At  four  days  from  the  time  of  hatching, 
the  globule  liaving  been  absorlicd,  he  observed  the  fish  swimming 
vigorously  about  witii  open  mouth,  as  if  in  search  of  microscopic 
food.  Mild  actually  discovered  ti'ace.s  of  food  in  the  stomach. 
Mnjoi"  FcigiiHon,  the  assistant  commissionci-,  was  so  much  pkuised 
with  the  scries  of  discoveries  by  Mr.  Eai-ll,  jind  the  confirmatory 
observatir>ns  of  Mr.  Ryder,  that  he  transported  some  of  tin;  yonng 
to  Saint-J(;rome  Creek  to  watch  theii"  subs(!(jiient  growth.  Rio- 
fcHsor  liaird  has  traced  the  stages  of  the  investigation  with  the 


ANTHRAX  OF  FRUIT  TREES  ;  BY  T.  J.  BURRILL. 


583 


greatest  interest  and  has  furnished  every  possible  facility.  He  will 
probabl}^  enter  upon  systematic  hatching  of  the  mackerel  next 
summer  with  a  view  to  stocking  other  waters.  It  is  hoped  that  at 
least  Narragansett  bay  may  be  reached  as  a  northerly  limit.  The 
artificial  propagation  is  entirely  feasible  and  the  season  being  in 
mid-summer  would  not  conflict  with  the  shad  season  of  the  spring, 
the  salmon  season  of  the  fall,  or  the  cod  season  of  the  winter. 
The  eggs  are  much  more  abundant,  and  hatch  more  easily,  as  well 
as  more  speedily,  than  any  other  fish  now  propagated.  Dnring 
the  four  days  consumed  in  hatching  a  lot  of  shad,  five  lots  of 
mackerel  could  be  hatched,  and  during  twenty- four  days  neces- 
sary to  hatch  one  lot  of  codfish,  thirt3^-tvvo  lots  of  mackerel  could 
be  produced.  Mr.  Earll  selected  a  suitable  localitj-  for  a  hatching 
station  at  Cherrystone,  Md.,  on  the  eastern  shore,  preferring  this 
to  Mobjack  bay  at  which  the  pounds  are  most  numerous,  on  account 
of  an  excellent  harbor.  The  fishermen  are  also  very  kindly  dis- 
posed, and  offered  to  render  every  assistance.  Thus  most 
important  facts  are  added  to  the  natural  history  of  the  fish  and 
the  prospect  is  bright  for  a  great  commercial  success. 


Anthrax  of  Fruit  Trees  ;  or  the  so-called  Fire  Blight  of 
Pear,  and  Tavig  Blight  of  Apple,  Trees.   By  T.  J.  Bur- 
rill,  of  Urbana,  III. 
The  widespread  and  disastrous  disease  of  the  pear  tree,  com- 
monly called  Fire  Blight  and  that  no  less  prevalent,  at  least  in 
the  western  states,  usually  known  as  Twig  Blight  of  the  apple 
tree,  are  due  to  the  same  immediate  agenc}^    They  are  identical 
in  origin  and  as  similar  in  their  pathological  characteristics  as  are 
the  trees  themselves,  or  differ  no  more  than  one  familiar  with  the 
histological  structure  of  the  trees  might  indicate,  prior  to  observa- 
tion upon  the  course  and  consequence  of  the  malady.    The  quince 
and  probably  many  other  plants,  among  which  we  now  name  the 
butternut,  the  Lombard}'  poplar  and  the  American  aspen,  suffer 
from  the  same  disease.    Judging  from  published  descriptions  only, 
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it  is  also  very  probable  that  the  "Yellows"  of  the  peach  will  be 
found  due  to  a  similar  cause. 

The  immediate  and  exciting  cause  of  the  disease  is  a  living  or- 
ganism, belongiug  to  a  group  of  minute  beings  called  bacteria 
which  produce  butyric  fermentation  of  the  stored  carbonaceous 
compounds  in  the  cells  of  the  affected  plants,  and  especially  in 
those  of  the  bark  outside  of  the  liber  or  fibrous  inner  layer.  This 
organism,  if  indeed  specifically  diiferent,  is  closely  allied  to  the 
'''-vihrion  hntyriqiie"  of  Pasteur^  and  the  Bacillus  amylohacter  of 
Van  Tieghem,2  now  known  to  be  identical  with  the  preceding. 
The  proof  of  these  assertions  is  the  burden  of  this  paper. 

HISTORICAL. 

This  disease  of  pear  and  apple  trees  has  been  known  in  this 
country  over  one  hundred  years,  in  varying  degrees  of  virulence 
and  remarkably  irregular  occurrence,  throughout  the  United 
States  east  of  the  great  plains  bordering  the  Rocky  mountains, 
sometimes  doing  inconsiderable  damage  and  again  killing  such 
disheartening  numbers  of  trees  that  planters  have  not  dared  to 
risk  the  cultivation  of  these  favorite  fruits  except  upon  a  lim- 
ited scale.  The  planting  of  pears  has  been  practically  aban- 
doned throughout  large  areas  of  the  country,  solely  on  account  of 
tiie  ravages  of  the  disease  in  question.  Apple  trees,  though  as 
often  attacked  in  the  western  states  and  much  injured,  do  not  so 
severely  suffer,  seldom  dying  outright  from  this  cause  alone.  The 
quince  is  scarcely  less  injured  than  the  pear. 

No  topic  has  been  more  fully  discussed  in  the  meetings  of  the 
horticulturists,  and  none  has  a  fuller  literature  in  tlie  periodicals 
devoted  to  rural  affairs.  Theory  after  theory  lias  been  advanced 
as  to  the  cause  and  the  cure,  only  to  be  overturned  by  subsequent 
observation  and  experience.  Because  an  insect  was  sometimes 
found  destroying  a  twig  or  branch,  and  an  account  of  its  opera- 
tions j>ul)liHlied,  many  persons  supposed  tliat  insects  were  tlie  dep- 
redators an<l  the  sole  cause  of  the  misclncif.  liut  no  competent 
entomoUjgist  now  attributes  ti>c  devastating  "fire  ))light"  to  the 
direct  woik  of  insects.     JJowning^  argued  —  and  lie  had  many 

>  Coitiptes  Itniduit.  t.  M,  p.  MM. 

2  Com/itcB  /,'eii'fuH.  1,.  HH,  ]}.  205,  1H7!)  nnd  t.  89,  p.  R,  1870. 

'  Fi  uitH  uiid  Fruit  TrecH  of  Americu,  '2U  cd.,  p.  040. 
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supporters  —  that  the  difficulty  originated  in  the  freezing  of  the 
sap,  and  its  subsequent  corruption  in  the  tissues.  Others  be- 
lieved they  had  traced  the  origin  of  the  disease  to  the  absence 
of  essential  elements  in  the  soil,  while  still  others  attributed  it  to 
organic  debility  of  the  trees.  Finally,  when  all  visible  or  tangible 
agents  were  given  up,  and  all  theories  proved  inadequately  sup- 
ported by  facts,  the  idea  of  destruction  by  fungi  was  theoretically 
advanced. 

In  18G3,  Dr.  Salisbury^  of  Ohio  published  an  illustrated  account 
of  his  microscopical  observations,  concluding  that  "  blight  "  was 
due  to  a  fungus  which  he  named  Sphcerotheca  pyri.  Later  inves- 
tigations have  by  no  means  sustained  this  opinion,  yet  by  many 
this  paper  is  considered  the  most  important  one  in  the  literature 
of  the  subject.  Dr.  Hull^  of  Illinois  in  1868  and  '70  gave 
accounts  of  observations  and  experiments,  proving  as  he  thought 
the  accuracy  of  the  fungoid  theory.  One  of  his  statements  is  of 
special  interest  here.  He  had  received  through  the  mail  a  blight- 
ed apple  twig  and  remarks  :  "  We  cut  from  it  several  small  slices 
of  bark,  going  deep  enough  to  include  a  thin  slice  of  wood  ;  with 
these,  we  inoculated  several  succulent  pear  shoots  b}^  tying  in  the 
pieces  of  bark  as  in  budding.  *  *  *  .  After  a  lapse  of  thirty- 
four  days  *  *  *  we  found  them  all  blighted."  He  also  adds 
that  the  conditions  of  the  weather  were  not  the  most  favorable, 
for  though  warm,  a  drought  was  prevailing  and  he  believed  a  hu- 
mid condition  of  .the  atmosphere  is  required. 

Many  others  have  stated,  in  a  less  definite  way,  that  blight  is 
communicable  from  diseased  to  healthy  trees,  but  there  is  no 
precise  account  of  carefully  conducted  experiments  upon  the  sub- 
ject. Professor  Turner^  of  Illinois  speaks  of  its  dissemination  by 
the  pruning  knife,  and  cure  by  turpentine  and  lampblack.  In 
1868  Dr.  Hull  thought  he  had  induced  disease  similar  to  the  "fire 
blight"  by  grinding  in  water  fibres  of  fungi  found  upon  rotting 
roots. 

In  an  address  before  the  American  Pomological  Society  at  St. 
Louis,  Thomas  Meehan  gave  his  reasons  for  holding  theoretically 
that  the  malady  is  due  to  fungous  parasitism  and,  through  the 
columns  of  the  Gardener's  Monthly,  he  has  often  pointed  out  the 

*  Transactions  Ohio  Agricultural  Society,  1863,  p.  450. 

«  TransacUons  Illinois  State  Horticultural  Society,  1868,  p.  35;  1870,  p.  220. 
6  Transactions  Illinois  State  Horticultural  Society,  1878,  p.  81. 
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fallac}"  of  other  opinions  and  the  accumulating  evidence  in  favor  of 
this.  At  his  instance  Dr.  J.  Gibbons  Hunt,  of  Philadelphia,  ex- 
amined, b}^  the  aid  of  the  best  microscopical  equipments,  blight- 
ed limbs  of  pear,  and  having  found  a  fungus  which  he  supposed 
caused  the  black  color  of  the  branches,  he  says"^ :  "  It  attacks  the 
bark  and  outside  of  the  leaves  and  young  fruit  first,  causing 
changes  in  the  cells,  in  these  locations  resembling  much  those  pig- 
mentary cell-changes  which  differentiate  the  negro  from  the  so- 
called  white  man.  The  cell  contents,  normally  transparent,  are 
changed  into  extremely  minute  pigment  granules  which  fill  the 
cells  and  give  that  characteristic  color  and  smell  which  mark  the 
disease.  Moreover,  minute  drops  of  viscid  offensive  liquid  come 
out  on  the  surface.  *  *  *  From  the  cambium  la3'er  the  fungus 
travels  towards  the  interior  of  the  stem  through  the  medullary 
rays  chiefly,  and  here  I  find  those  round  bodies  which  in  our  igno- 
rance we  often  call  spores.  The  ducts  which  ascend  the  stem  are 
often  obstructed  with  similar  bodies  and  aggregated  pigment 
granules.  This  is  all  I  know  about  the  subject.  I  cannot  ven- 
ture to  name  the  fungus." 

I  have  quoted  this  account  at  some  length,  for  according  to  my 
observations  it  is  the  nearest  approach  to  the  solution  of  the 
cause  of  the  difficulty  founded  upon  direct  investigation  that  had 
np  to  this  time  found  its  way  into  public  print.  Still  it  seems 
impossible  to  admit  in  full  the  correctness  of  the  interpretations. 
What  the  round  bodies  called  spores  were,  it  is  diflflcult  to  per- 
ceive. The  dark  color  of  blighted  parts  certainly  does  not  come 
from  pigment  granules.  The  notice  of  the  "oflTensive  liquid" 
is  a  capital  point,  but  this  seems  to  have  escaped  careful  exami- 
nation. 

In  187G,  Thomas  Taylor  of  the  Department  of  Agriculture, 
Washington,  D.  C,  exhibited  drawings  at  the  Centennial  Exposi- 
tion showing'^  "the  effects  of  the  chemi(;al  chnngcs  which  take 
place  in  the  interior  structuie  of  the  ticc;  niul(?rthe  attacks  of  the 
fungus  to  wlii(;h  this  disciuse  is  due." 

In  1877,  the  wi'itcr-'  presented  to  the  Illinois  State  lIorti(;ultural 
Society  the  i-esiills  of  nii(*i-oscopi('al  obsiirvations,  in  tin;  account 
of  wiiich  occurs  the  first  published  notice;  of  the  minute  moving 

'  (;ar(I«;n«i  'H  Monthly,  IHT'i,  p.  215. 

•  Jl<;port  I)opHrtrn<!iit  of  AKi'i''iill-ni'<!i  iHTO,  p.  15. 

»Traii»aclionH  lIlinoiH  .State  Horticultural  Society,  1877,  p.  114. 
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bodies  alwa5^s  present  in  the  portions  of  trees  suffering  from  the 
malad}'  of  which  we  treat.  I  quote  :  "The  cambium  [a  term  here 
too  loosel}^  used]  of  the  blighted  branch,  when  trouble  first  shows 
itself,  and  for  some  days  thereafter,  is  filled  wqth  very  minute  mov- 
ing particles.  *  *  *  .  Not  unfrequently  a  thickish,  brownish,  / 
sticky  matter  exudes  from  affected  limbs,  sometimes  so  abundant 
as  to  run  down  the  surface  or  drop  from  the  tree.  This  proves  to 
be  identical  with  that  noticed  in  the  cambium  and  unquestionably 
has  the  same  origin.  The  stick}^  half-fluid  substance  thus  exud- 
ing is  entirely  made  up  of  these  minute  oscillating  particles."  In 
a  subsequent  discussion  in  the  same  society  I  am  credited  with 
the  following  :  "If  we  remove  the  bark  of  a  newly  aflfected  limb 
and  place  a  little  of  the  mucilaginous  fluid  from  the  browned  tis- 
sues under  our  microscope,  the  field  is  seen  to  be  alive  with  moving 
atoms,  known  in  a  general  way  as  bacteria.  *  *  *  .  A  particle 
of  this  viscous  fluid  introduced  upon  the  point  of  a  knife  into  the 
bark  of  a  healthy  tree  is  in  many  cases  followed  by  blight  of  the 
part,  but  with  me  not  in  every  instance.  *  *  *  .  If  we  look  once 
more  to  the  affected  branch,  we  find  the  disease  spreads  more  or 
less  rapidl3^  from  the  point  of  origin,  and  upon  examination  the 
moving  microscopic  things  are  discovered  in  advance  of  the  dis- 
colored portions  of  the  tissues,  but  not  very  far  ahead  —  an  inch 
perhaps.  [The}'  are  now  known  to  advance  several  feet  in  cer- 
tain cases,  ahead  of  the  black  colored  parts.]  Does  it  not  seem 
plausible  that  they  cause  the  subsequently  apparent  change?  It 
does  to  me,  but  this  is  the  extent  of  my  own  faith ;  we  should  not 
sa}'  the  conclusion  is  reached  and  the  cause  of  the  difficulty  def- 
initel}'  ascertained.  So  far  as  I  know,  the  idea  is  an  entirely  new 
one  —  that  bacteria  cause  disease  in  plants  —  though  abundantly 
proved  in  the  case  of  animals." 

This  is  a  very  meagre  sketch  of  the  literature  upon  the  sub- 
ject, but  nothing  has  been  omitted  which  to  my  knowledge  has 
special  bearing  upon  the  essential  point  of  the  present  paper. 
After  all  the  investigations  that  had  been  made  and  all  that  had 
been  said  —  a  kind  of  ferment  of  itself — editors  were  "obliged 
to  repl}',"  to  quote  from  the  American  Agriculturist,  "  as  we  have 
many  times  in  the  past  that  the  'cause'  of  the  blight  is  not  known. 
It  is  supposed  to  be  due  to  fungi,  but  this  cause  has  not  been 

10  Transactions  Illinois  State  Horticultural  Society,  1878,  p.  80. 

11  American  Agriculturist,  Vol.37,  p.  35G,  1878. 
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demonstrated.  *  *  *  Though  pear  blight  is  a  topic  discussed  at 
pomological  meetings  more  than  any  other,  scarcely  any  positive 
knowledge  has  been  thus  far  elicited."  This  was  literally  true 
and  has  been  repeated  in  substance  hundreds  of  times  until  this 
day.    Can  it  be  hereafter  written  with  equal  truthfulness? 

EXPERIMENTAL. 

After  further  researches  upon  the  presence  of  bacteria  in  the 
tissues  of  dying  limbs  and  the  scarred  blotches  upon  the  trunks 
of  trees,  I  began,  July  1,  1880,  a  series  of  experiments  with  a 
view  to  determine  whether  these  organisms  were  really  active 
agents  in  the  observed  changes,  or  simply  accompanied  other 
causes  of  destruction Other  interests  at  the  same  time  so  en- 
gaged my  attention  and  time,  that  the  work  was  not  so  exten- 
sively prosecuted  as  I  heartil}^  wished  it  had  been,  after  becoming 
graduall}^  convinced  of  the  possible  complete  demonstration  of 
the  perplexing  problem.  However,  the  results  are  sufficiently 
clear  to  warrant  their  announcement  and  to  establish  the  aggres- 
sive activity  of  the  organisms.  Experiments  were  continued  and 
results  carefully  noted  up  to  the  14th  of  August,  1880.  Blight 
was  duriug  the  time  more  or  less  prevalent  in  the  vicinity.  /  On 
the  isolated  acre  of  ground  where  most  of  the  experiments  were 
made,  there  are  ninety-four  pear  trees  of  different  ages  and  kinds, 
some  in  cultivated  soil,  others  in  swaid.  There  are  twenty  apple 
trees  and  one  quince  tree.  Of  the  pears,  seventy-two  are  three 
years  old  from  the  bud  on  pear  roots.  They  were  transplanted  in 
the  spring  of  1879,  and  though  culls  from  a  nursery  were  in  good 
thrifty  condition,  making  a  growth  this  year  of  about  three  feet. 
These  were  Bartletts  and  Clapp's  Favorite.  The  other  pear  trees 
were  of  bearing  age  and  mostly  laden  with  fruit.  Blight  occurred 
spontaneously,  i.  e.,  without  conscious  introduction  by  myself,  on 
four  of  tiie  largo  pear  trees  and  u[)on  one  only  of  the  seventy-two 
young  ones,  upon  wliich  the  experiments  were  tried.  This  one 
stood  witliin  two  fe(;t  of  one  allowed  to  die  from  artificial  inocu- 
lation. 

The  weatiier  during  the  time  was  favorable  for  the  operations, 
being  with  the  exceptions  to  be  stated  remarkably  uniform,  of 
moderate  summer  temperature,  clear  and  fine.  Much  rain  had 
previously  faih;n,  ;ind  a  lieavy  thunder  siiower  occurred  on  the  last 
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da}^  of  June.  During  the  few  first  days  of  July,  the  air  was 
moist  and  the  temperature  stood  in  daytime,  about  90°  Fah. 
Other  storms  with  thunder  occurred  July  9th  and  August  11th, 
with,  however,  but  little  rainfall. 

The  term  inoculation  is  used  to  denote  the  introduction  of  the 
virus  by  a  wound  in  the  bark.  External  applications  are  not  in- 
cluded under  this  designation. 

The  inoculations  of  July  1st  and  10th  were  made  by  cutting 
pieces  of  diseased  bark  freshly  taken  from  the  tree,  and  inserting 
them  after  the  manner  of  budding,  as  practised  by  nurserymen, 
without,  however,  taking  the  precaution  of  tying.  These  pieces 
of  bark  were  about  three-sixteenths  of  an  inch  by  two-thirds  of 
an  inch.  Those  made  after  the  date  mentioned  were  performed 
with  a  sharp-pointed  knife,  or  needle  dipped  in  the  exuding  virus 
of  diseased  trees.  This  was  usually  collected  in  the  morning  and 
placed  in  a  vial  wdth  a  little  distilled  water.  Requisite  care  was 
always  taken  to  cleanse  the  instrument  thoroughly  or  to  choose  a 
new^  one  when  changing  the  infecting  material.  Usuall}^,  shoots 
of  the  current  year's  growth  were  chosen  for  inoculation  and  the 
operation  performed  near  the  middle,  longitudinally.  But  in  the 
apple  after  the  first  few  trials  the  wound  was  generally  made  near 
the  apex.  P^xpcriments,  thirty-three  to  forty-two  inclusive,  were 
made  in  the  growth  of  last  year  of  thrifty  apple  trees  in  nursery 
the  third  season,  using  virus  from  pear  in  part,  and  in  part  from 
apple.  None  of  these  were  successful.  Twenty-one  experiments 
were  made  by  simply  applying  the  virus  by  means  of  a  brush  to 
the  uninjured  epidermis  of  growing  shoots  or  leaves.  No  one  of 
these  was  apparently  successful  up  to  the  14th  of  August. 

RESULTS  OF  EXPERIMENTS. 

Of  the  inoculated  pear  trees,  sixty-three  per  cent,  became  diseased^ 
exhibiting  all  the  characteristics  externally  and  internally  of 
"fire  blight."  Eighteen  of  these  inoculated  trees  stood  in  a  row 
of  fifty-five,  two  feet  apart,  and  were  selected  here  and  there 
along  the  row.  Of  the  thirty-seven  not  inoculated  by  myself  in 
the  row,  all  save  one  remained  free  from  the  malady  up  to  the  end 
of  the  experiments.  Seventeen  others  of  the  same  age  and 
kind,  growing  within  a  few  feet  or  rods,  also  continued  in  health. 
Thus  while  sixty-three  per  cent,  of  the  inoculated  died,  less  than 
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two  per  cent,  of  those  with  the  former,  under  the  same  conditions 
but  not  consciousl}'  inoculated,  became  infected  with  the  disease. 
Of  the  pear  trees  inoculated  with  virus  from  diseased  pear,  fift}^- 
four  per  cent,  received  the  disease,  while  of  those  inoculated  from 
blighting  apple,  seve7ity-tivo  per  cent,  became  as  thoroughly  in- 
fected, and  the  parts  as  speedily  died.  Tliis  greater  per  cent,  of 
infection  from  the  apple  virus  does  not  necessarily^  prove  that  it  is 
more  destructive,  for  another  set  of  experiments  may  reverse  the 
percentages  ;  but  I  think  the  result  may  be  taken  as  showing  the 
identity  of  the  disease  in  the  two  trees.  All  other  experiments 
agree  in  this  respect. 

The  four  inoculations  of  the  quince  with  pear  virus  were  all 
successful.  There  is  but  one  quince  tree  or  rather  bush  upon  the 
experimental  grounds.  Its  low  head  furnishes  many  branches  — 
thirty  to  fort}^  —  similar  to  those  chosen  for  experiment.  Blight 
occurred  only  in  the  four  inoculated.  These  having  been  removed, 
the  bush  is  (Aug.  14)  apparently  perfectl}^  free  from  the  disease. 

Turning  to  the  apples  experimented  upon,  we  find  the  results 
less  positive.  The  ten  nursery  trees  previously  mentioned,  a  half 
mile  from  the  principal  experimental  plat,  inoculated  in  year  old 
parts,  five  with  pear,  five  with  apple  virus,  gave  no  affirmative 
results.  No  special  reason  can  be  assigned  for  the  failure,  unless 
it  may  be  the  age  of  the  parts  inoculated.  This  needs  repetition. 
The  other  trees  were  of  the  variety^  known  as  Grimes'  Golden 
Pippin,  eight  years  from  graft.  This  variety  is  not  peculiarly 
subject  to  blight,  but  several  aff'ected  branches  not  intentionally 
inoculated  weie  trimmed  away  from  time  to  time.  From  ten  in- 
oculations with  a  needle  in  the  tender  bark  of  young  shoots,  six, 
or  sixty  per  cent.,  gave  evidence  of  infection  ;  but,  except  in  two 
case?,  the  subsequent  development  of  the  disease  was  feeble 
compared  with  the  experimental  pears.  Application  of  virus  with 
a  brusli  was  made  upon  tlie  bark  of  the  current  season's  growth 
of  four  pear  trees  and  six  apple  trees.  In  eome  cases  these  were 
bound  will)  :i  moistened  cloth  to  prevent  too  rapid  desiccation  of 
the  virus.  All  [)iov(;d  unsuccessful.  In  a  similar  manner  virus 
waH.  appli(!d  after  six  o'clock,  i*.  m.,  to  a  large  number  of  leaves 
upon  five  pear  trees  and  two  api)le  trees.  The  most  perfect  and 
apparently  iiealthy  leav<'s  were  selected,  and  an  account  kept  as 
to  the  a|)plication  to  tin;  upper  or  under  sui  face.  No  c(!i  tMin  in- 
fection followed,  though   mici-oscopieal  and  other  examinations 
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show  that  leaves  upon  healthy  shoots  may  perish  with  the  disease. 
Had  some  of  these  leaves  shown  infection,  it  would  not  have 
proved  that  this  came  from  external  application,  for  the  epidermis 
might  liave  been  freshly  ruptured  by  insects  or  otherwise  and  in- 
oculation  secured.  But  the  experiments  do  tend  to  show  that  the 
virus  is  harmless  on  the  outside  of  the  epidermal  surfaces. 
Neither  does  it  appear  to  gain  access  to  the  inner  tissues  through 
the  stomata. 

In  experiments  nine  and  ten,  large  limbs  with  the  disease  in 
active  progress  were  cat  and  bound  in  among  the  branches  of 
healthy  trees.  No  injury  ensued.  This  was  upon  the  first  day  of 
July  when  the  earth  was  wet  and  the  air  moist  from  the  heavy 
rain  of  the  day  before.  Another  storm  occurred  eight  days  after- 
ward, the  dead  branches  remaining  on  the  trees.  Plere  again  in- 
fection might  have  followed  from  inoculation  by  insects,  etc.  ;  but 
the  failure  further  supports  the  idea  of  the  non-communicability 
from  without. 

Of  the  total  number  of  experiments  of  which  records  were  kept 
including  application  in  every  way,  thirty-four  and  seventy-eight 
hundredths  per  cent,  were  effective,  while  of  the  whole  number 
of  inoculations  fifty-tv\^o  and  seventeen  hundredths  per  cent,  un- 
mistakably communicated  the  disease. 

Thrown  into  tabular  form  the  per  cents,  in  the  foregoing  are  as 
follows : 


Number 
of 

Experiments 

Kinds 
of  Trees. 

Virus 
from  Pear. 

Virus 
from  Apple. 

Successful 
Inoculations. 

Successful 
Applications 
all  kinds. 

3G 

Pear 

54.00 

72.00^ 

63.00 

38.80 

29 

Apple 

30.00 

None 

30.00 

20.  G9 

4 

Quince 

100. 

None 

100. 

100. 

69 

Total 

34.78 

Tiie  close  daily  observations  required  for  the  work,  as  now  de- 
scribed, convinced  me  that  two  popular  opinions  concerning  the 
progress  of  tiiis  disease  are  not  founded  in  fact.  It  is  usually 
supposed  that  the  destruction  of  affected  parts  of  trees  is  very 
sudden.    In  a  recent  paper  by  an  accomplished  scientist     i  fincl 

i'^  Professor  W.  S.  Barnardj  First  Report  Cornell  Experiment  Station,  p.  23. 
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these  words:  "In  all  j^^ar-blights  there  appears  a  fungus^  but  its 
development  can  only  be  occasioned  by  some  injury,  as  from  ex- 
cessive freezing  or  drying,  and  from  the  ravages  of  animals. 
When  due  to  climatic  influences  usually  a  large  part  or  all  the 
tree  is  affected  at  once."  Now  as  the  pear  blight  of  which  we 
write  is  so  often  attributed  to  "  climatic  influences,"  this  expres- 
sion gives  voice  to  a  very  commonly  entertained  supposition.  I 
find  the  march  of  the  destroyer  very  irregular  in  diffej-ent  parts  of 
the  same  tree  at  the  same  time,  or  in  the  same  part  at  different 
times,  but  always  sloio.  In  experiment  seven,  visible  indications 
of  the  disease  spreading  both  ways  from  place  of  inoculation  were 
observed  after  seventeen  dnys  through  the  distance  of  eighteen 
inches,  but  this  is  altogether  exceptional.  Infection  rarely  shows 
at  all  under  nine  days  and  after  this  time  an  inch  per  day  is  more 
than  the  average  rate.  But  if  guided  solely  by  the  change  of 
color  in  the  leaves,  other  conclusions  would  often  be  reached. 
Ordinaril}',  according  to  my  observations  the  leaves  do  not  become 
black  until  about  two  weeks  after  the  infection  of  the  bark  upon 
the  shoot  which  bears  them,  except  in  the  case  of  very  .young  por- 
tions near  the  extremity.  On  the  pear  shoot  just  mentioned 
every  leaf  was  still  green  and  fresh  in  appearance  at  the  close  of 
the  seventeenth  day.  The  bark  of  older  trees  has  been  found  un- 
questionablj'  affected  throughout  a  length  of  four  feet  while  all 
the  leaves  were  still  green.  In  some  cases  this  may  continue 
during  the  whole  summer  and  recovery  may  sometimes  occur. 

On  old  limbs  and  trunks  covered  with  rough  bark,  the  progress 
of  the  disease  cannot  be  observed  from  external  signs  ;  but  on  the 
growth  of  the  current  season  at  least,  this  is  not  the  case.  The 
color  becomes  darker,  a  watery  appearance  is  presented  and, 
especially  in  the  early  morning,  little  beads  or  drops  of  white 
gummy  matter  may  be  seen.  Wet  with  rain  or  dew,  this  ex- 
udation spreads  over  tlie  surface  or  runs  down  the  bark,  dripi)ing 
from  projecting  points. 

Again,  there  has  been  a  prevailing  opinion  that  thunder  storms 
in  Home  way  accelerate  the  disease.  It  seems  to  me  some  ex- 
planation can  now  i)e  given  for  this  common  but  fallacious  notion. 

Tlie  green  leaves  of  the  shoot  or  tree  become,  from  the  checking 
of  the  transpiration,  gorged  with  water  and  the  fermentation 
already  in  progress  in  them  quickly  destroys  their  vitality.  How- 
ever this  may  be,  1  have  not  been  able  to  detect  any  certain  varia- 
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tion  in  the  advance  of  the  disease  in  the  tree,  corresponding  with 
changes  in  the  meteorological  conditions.  Donbtless  there  are 
some  such  variations,  but  not  such  as  are  appreciable  on  account 
of  passing  storms.  Even  winter  weather  does  not  olfer  complete 
immunity  to  the  trees.  During  two  winters  I  have  watched  the 
slow  progress  of  the  disease  in  the  branches  of  the  same  tree  and 
am  positive  there  was  no  mistake  as  to  the  nature  of  the  phenom- 
ena. In  the  first  case  the  gradual  destruction  was  continued 
during  the  spring ;  in  the  second,  progress  immediately  ceased 
upon  the  expansion  of  the  buds. 

In  man}^  parts  of  the  country,  patches  of  bark  upon  the  trunks 
of  apple  and  pear  trees,  often  near  the  ground,  are  found  diseased 
or  dead.  Far  too  often  these  extend  around  the  tree  and  put  an 
end  to  its  existence.  This  is  ordinaril}^  supposed  to  occur  in  win- 
ter.   Is  this  another  form  of  the  blight  of  which  we  treat? 


'  The  organism  to  which  we  attribute  the  death  of  our  fruit  trees 
is  so  minute  that  a  magnifying  power  of  two  hundred  diameters  is 
necessar\^  to  make  out  its  outline  at  all,  and  one  thousand  diam- 
eters are  required  for  careful  study.  During  the  course  of  its 
development,  it  assumes  various  shapes,  the  different  forms  usually 
appeari;ig  together  in  the  field  of  the  microscope. j  What  seems 
to  be  th^  most  characteristic  form  consists  of  two  oblong  joints 
with  rounded  ends, J  which  have  a  transverse  diameter  of  about 
To'oo^  ^  millimetre.  The  two  articles  usually  seen  together 
have  a  length  of  about  yoo^^  of  a  millimetre.  They  are  com- 
paratively thicker  than  Bacterium  ^er«io(  and  their  motions  are  less 
r^pid.J  [They  slide  forward  with  a  slightly  undulating  motion,  they 
turn  over  and  on  end,  but  never  glide  across  the  field.  It  is 
impossible  specifically  to  identify  these  creatures  by  form  alone. 
So  far  as  we  now  know,  this  may  be  the  same  as  a  common'omniv- 
orous  little  agent  which  converts  sugar,  amylaceous  matter,  lactic, 
tartaric,  citric,  malic  and  music  acids  and  albuminous  substances 
into  carbon  dioxide,  butyric  acid  and  hydrogen,  whenever  and  wher- 
ever the  conditions  permit.  ;  Should  this  p.ove  to  be  the  case,  it 
would  not  necessarily,  if  presumably,  ir.v'alidate  its  agency  in  pro- 
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ducing  this  disease  of  the  pear ;  but  it  might  render  less  hopeful 
the  discovery  of  remedial  treatment.  ] 

I  The  most  conspicuous  change  that  can  be  observed  with  the  aid 
of  the  microscope,  in  the  tissues  affected  with  blight,  is  the  dis- 
appearance of  the  stored  starch.  The  cell  walls  are  not  dissolved, 
or  in  any  way  altered  except  the  staining  by  oxj^genized  material 
in  later  stages  of  the  disease.  The  protoplasm  of  young  cells 
remains,  until  death  takes  place.  In  older  cells  the  thin  proto- 
plasmic lining  of  the  walls  can  be  made  out  after  the  starch  has 
all  disappeared.^ 

Unless  the  Bacterium  does  dissolve  for  itself  a  passage  way 
through  the  cell  wall,  it  cannot  possibly  gain  entrance  in  the  adult 
state  ;  yet  they  are  found  swarming  in  cells  absolutely  closed  so  far 
as  a  power  of  one  thousand  diameters  can  reveal^  In  studying  this 
I  have  used  a  Spencer's  one -tenth  of  recent  construction  and  have 
been  unable  to  detect  the  least  corroding  of  the  cellulose  wall. 
It  is  scarcely  necessary  to  add  that  Ithe  young  tissues  affected  by 
the  blight  have  in  their  cell  walls  no  open  pores,  such  as  occur  in 
the  cells  of  older  wood  ;  neither  are  there  ducts  or  other  channels 
for  their  passage.  • 

Accepting  Nageli's^'^  theory  of  the  molecular  construction  of  the 
cell  wall,((  we  can  only  understand  how  these  organisms  pass  from 
cell  to  cell  in  their  deadly  work  by  supposing  their  germs  are  less 
than  the  molecular  openings,  hence  ultra-microscopical,  and  that 
in  this  condition  they  pass  in  water  the  cellulose  barrier,  develop- 
ing into  visibility  within  ;  or,  that  in  the  germ  condition,  they  are 
of  such  plastic  consistency  that,  amoeba-like,  they  are  able  to 
creep  through  the  narrow  spaces  between  the  molecules.^  It  is 
well  known  that  the  spores  of  many  parasitic  fungi,  e.  Fero- 
nospora  ivfestans^  causing  the  potato  rot,  send  through  the  epi- 
dermis of  the  leaf  an  exceedingly  fine  tu})c  through  which  the 
contents  of  the  spore  pass  and  accumulate  in  the  swelling  end 
of  the  [)enetrating  tube.  From  the  lalt(;r  the  growing  mycelium 
itself  makes  its  way  tiirongli  Uu;  walls  ol"  the  inner  tissues.  The 
minute  opening  in  the  epidermis  liccomes  closed,  and  all  indica- 
tions of  the  entrance  are  oblit(!iated.  Jf  anything  of  this  kind 
occurs  in  th(;  p(!neLi.Jing  of  our  liacterivim  it  is  upon  too  small  a 
scale  to  be  made  out. 

»♦  Sadib'  Text  liook  of  llotaiiy,  Eng.  Ir.'iiiH.,  \).  588. 
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^  After  a  cell  has  been  invaded  by  the  moving  particles,  the  first 
thing  noticeable  is  the  agitation  of  the  starch  granules.  They 
swing  to  and  fro  like  the  Brownian  movement  in  small  particles* 
By  passing  under  the  microscope  a  thin  fresh  section  from  the- 
healthy  to  the  diseased  parts,  one  can  witness^^the  gradual  diminu- 
tion of  the  granules  of  starch  until  they  disappear  entirely  from 
the  cells.  \ 

(  There  is  absolutely  no  trace  of  other  fungous  growth  in  the  tissues 
examined  by  me^^until  after  death  has  taken  place  i^'^iieither  have 
an}'  been  found  for  several  days  after  this  in  sections  of  twigs  or 
diseased  parts  of  trees  left  in  the  meantime  out  of  doors.  In 
culture  baths,  ordinar}^  molds  soon  appear  on  the  affected  parts. 
If  the  death  of  the  trees  were  due  to  the  larger  fungll  like  that  of 
the  potato  rot  and  wheat  rust,\surely  some  one  would  have  found 
it.  (None  are  too  smajj  for  the  mo-^dexn  microscope  and  its  masters, 
Dorjoojnscru table  to  be  past  finding  out  .^^ 

In  very  young  tissues^  such  as  the  tips  ot  apple  tree  shoot^  all 
parts  except  the  epidermis  seem  to  be  equally  affected  \  (  but  in 
older  limbs  the  chlorophyll-bearing  parenchyma  of  the  bark  is  the 
first  and  usually  the  chief  seat  of  the  disease.V  The  bast  is  not 
affected  and  not  unfrequently  a  concentric  layer  of  bast  cells 
divides  the  healthy  from  the  diseased  parts.  Sometimes  invasion 
through  such  a  close  layer  is  gained  by  way  of  the  medullar}^  i^ays.  j 
Contrary  to  the  usual  opinion,  the  cambium  is  by  no  means  the 
seat  of  the  disease.'  This  layer  of  thin  walled  cells  often  retains 
its  vitality  when  all  outside  of  it  perishes,  in  which  case  a  fresh 
layer  of  new  bark  is  sometimes  formed  and  the  limb  or  tree  sur- 
vives, j' When  the  disease  proceeds  upward,  as  it  often  does,  the 
xylem  or  wood  inside  the  cambium  is  usually  stained  by  the 
ascending  water  colored  in  its  passage  through  the  dying  and 
brown  parts.  The  staining  is  especially  noticeable  in  the  fibro- 
vascular  bundles  which  turn  out  into  the  leaves,  just  where  the 
water  rises  to  supply  the  transpiration  from  the  leaf  surfaces. 
This  stained  wood  may  be  still  healthy  in  every  particular  ;  there^ 
is  no  evidence  of  the  progression  of  the  disease  in  the  wood  itself.  ) 

The  leaves  however  are  invaded  from  tUo  bark  and  doubtless 
may  be  on  the  other  hand  the  starting  point  of  the  infection.  )  I 
have  no  direct  experiments  upon  this  point,  but  have  found  in- 
fected and  dying  leaves  on  healthy  stems,  f  During  dewy  nights 
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infected  leaves  become  smeared  with  the  exuding  virus  which 
upon  drying  looks  like  varnish.  This  dried  material  retains  its 
vitalit}^  for  some  time,  but  how  long  is  not  known.  When  moist- 
ened with  water,  the  bacteria  move  as  usual  and  otherwise  exhibit 
ever}^  characteristic  of  life.  \ 


My  colleague,  Professor  H.  A.  Weber,  kindly  undertook  to  de- 
determine  for  me\the  kind  of  fermentation  which  takes  place  in 
the  diseased  bark.  He  found,  first,  that  carbon  dioxide  is  abund- 
antl}^  given  off,  and  that  in  this  respect  the  affected  bark  differs 
wholl}^  from  that  in  the  health}^  condition.  Secondl}^,  butyric 
acid  was  determined  as  a  considerable  product  of  the  fermentation. 
This  turned  m}^  attention  to\the  published  accounts  of  the  butyric 
fermentation  of,  organic  products.)  Among  the  earliest  and  best 
known  are  those  of  Pasteur  of  France,  upon  sugar  and  calcium 
lactate.  He  traced  the  vchanges  observed  to  the  action  of  a  mi- 
nute organism,  which  received  the  name  of  vibrio7i  butyrique\ 


In  1850  Mitscherlich  ^6  Qf  Germany  communicated  to  the  Acad- 
emy at  Berlin  his  studies  upon  the  fermentation  of  cellulose  and 
expressed  the  opinion  that  it  was  due  to  a  particular  living  atom 
which  he  found  in  the  fermenting  material.  Fifteen  years  after- 
ward, Trecul  of  France  found  in  macerated  vegetable  substances  a 
living  organism  which  he  believed  arose  spontaneously  by  a  direct 
transformation  of  the  protoplasm  of  the  closed  cells.  To  this  he 
gave  the  name  of  Amylohacter^  after  assuring  himself  that  in  a  cer- 
tain stage  of  its  existence  it  stored  starch  within  itself.  In  1877, 
Van  Tieghemi'''  of  France  transferred  this  living  thing  to  the  genus 
BaciUus,  naming  it  Bacillus  amylohacter .  From  observations 
upon  it  he  satisfied  himself  that  it  couhl  and  did  penetrate  the  cell 
wall  in  the  adult  condition,  thus  overthrowing  as  he  thought  the 
theory  of  spontaneous  origin.  Here  the  battle  wages.  TrecuP^ 
still  holds  his  first  opinion  and  criticises  Van  Tieghem's  jwoofs. 

In  June,  1879,  Piazmowski  '''of  Leii)zig  announced  that  this  Ba- 
cillus amylobacUu-  produf^cd,  in  the  fermentation  of  carbonaceous 
substances,  butyi  i(;  acid,  and  foi  thwilh  concluded  that  it  was  iden- 

"ComptCH  ItcinliiH,  t.  W,  p,  :v\  t  (IH'il)  and  S«-hlUz(;nl)(;rK(!r,  on  Fcnncntation,  )).  213. 

i«(Joiii|ilch  IC(!Im1iim,  t.  HH,  p.  W.t,  I.  01,  pp.  l.V;  aiMl  4.'J(i,  t.  (;5,  p.  5i:{. 

17  I'.nllof  in  <l(;  la  SocijjU-  l>otaiiif|iu;,  Marcli  2:5,  1H77.    Conii)tc8  Ucixl.,  t.  88,  p.  205. 

im;oiii).I«'H  l{<rn<liiH,  t.  HH,  p.  401,  |h7!). 

>•'(  -  lt<;u<lilH,  t.  bli,  p.  0,  JbTU. 
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tical  with  the  Vibrio  described  b}^  Pasteur.  Van  Tieghem  confirms 
this,  and  it  now  appears  probable  that  the  butyric  fermentation  of 
at  least  all  dead  carbonaceous  compounds,  soluble  or  insoluble,  is 
directly  or  indirectly  produced  by  the  same  wonder-working  little 
creature.  Does  it  now  extend  its  dominion,  and  conquering  the 
life  forces  of  our  trees  seize  upon  their  treasured  products  and 
ruthlessly  appropriate  them  to  uses  of  its  own?  Whether  this 
microscopic  organism  of  the  pear  blight  proves  to  be  the  same  as 
that  described  or  not,  the  evidence  now  given  of  disease  in  plants 
produced  by  bacteria  contributes  something  to  the  germ  theory 
of  disease  in  animals  and  may  lead  to  very  important  scientific 
and  practical  results.^ 

In  closing,  I  wish  gratefully  to  acknowledge  valuable  suggestions 
from  and  assistance  by  Dr.  H.  J.  Detmers,  commissioned  by  the 
department  of  agriculture  at  Washington  to  investigate  the  dis- 
eases of  domestic  animals,  and  who  is  the  author  of  a  most  im- 
portant report  upon  Swine  Plague  or  Hog  Cholera. 


Field  Work  by  Amateurs.    By  Ellen  Hardin  Walworth,  of 
Saratoga  Springs,  N.  Y. 

It  is  announced,  I  believe,  that  one  of  the  aims  of  this  Associa- 
tion is  to  make  natural  science  popular,  to  encourage  its  pur- 
suit among  all  classes  of  people.  It  is  because  I  have  such  an 
understanding  of  its  aims,  that  I  presume  to  speak  a  word  in  behalf 
of  the  class  who  love  science,  yet  can  give  to  it  but  a  limited  por- 
tion of  {heir  time  and  thoughts. 

Such  a  class  of  persons  are  important  factors  in  the  develop- 
ment of  every  department  of  knowledge  and  art.  The  professor, 
the  artist,  the  specialist  may  have  higher  aims,  the^^  certainly  do 
more  thorough  work,  yet  they  would  scarcely  be  understood,  ap- 
preciated and  encouraged  if  there  did  not  exist  the  intermediate 
class  who  admire,  applaud  and  exhibit  the  work  they  cannot 
themselves  perform. 

I  therefore  deprecate  the  scorn  with  which  the  professional  too 
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often  contemplates  the  dabbler  in  his  specialty,  as  he  will  perhaps 
designate  the  amateur.  "  A  little  knowledge  is  a  dangerous 
thing,"  only  when  it  is  pretentious.  A  mere  elementary  knowledge 
of  any  natural  science  is  a  proposition  from  which  reason  starts  ; 
it  is  a  foundation  on  which  thought  builds,  and  a  height  from 
which  imagination  takes  its  flight.  It  is  an  educator  in  all  other 
knowledge  because  it  demands  attention,  observation  and  accuracy 
with  well  defined  expression. 

How  can  the  popular  interest  in  science  be  stimulated  and  in- 
creased ?  A  majority  of  educated  people  shrink  with  aversion 
from  the  memory  of  tasks  performed  at  school.  The  bare  men- 
tion of  a  natural  science  recalls  pages  of  unpronounceable  words 
and  incomprehensible  classifications ;  yet  if  a  practical  geologist 
or  botanist  will  take  any  three  of  these  individuals  into  the  field 
with  him  and  beguile  them  into  breaking  rocks  or  gathering  flow- 
ers scientifically,  two  out  of  every  three  will  be  delighted  with  the 
occupation  and  will  strive  to  recall  the  classical  names  which  in- 
spired them  with  disgust  while  they  were  merely  theoretical.  It 
is  then  only  while  science  is  an  abstraction,  that  it  repels ;  render 
it  practical  and  it  invariably  attracts. 

In  every  city  and  village  of  our  country  we  find  numerous  clubs 
and  societies  devoted  to  special  objects  of  literature  and  art,  and 
a  few  to  science.  These  last  are  rare, —  they  would  be  numerous 
and  active  if  slight  encouragement  were  given  to  them  by  those 
who  have  the  ability  to  guide  and  direct.  Such  clubs  and  asso- 
ciations should  begin  with  a  short  and  well  directed  course  of 
reading,  accompanied  if  possible  by  a  few  interesting  lectures  as 
a  preparation  for  field  work,  which  should  not  be  delayed  through 
timidity  or  a  feeling  of  ignorance.  A  few  visits  to  the  field,  by  a 
geological  club,  will  serve  to  arouse  enthusiasm  and  inspire  a  de- 
sire for  research  which  months  of  rending  would  not  accomplish. 
It  cannot  be  urged  that  many  live  in  localities  where  there  is 
nothing  to  study,  fori  believe  it  may  be  safely  stated  that  uninves- 
tigated scientific  facts  lie  over  and  under  every  square  mile  of  the 
United  States.  Yet  I  have  heard  the  members  of  a  geological 
club,  who  studied  exclusively  in  the  class  room,  make  such  a  plea. 
Wlien  visiting  tlieir  city  I  said  to  one  of  them,  "What  rocks  liave 
you  in  tliis  vicinity  ?  "  'J'he  person  addressed  looked  at  me  with 
unqualified  surprise  and  answered,  "We  have  none."  I  exclaimed, 
"You  have  a  river,  and  hills,  and  many  railroad  cuttings  ;  the 
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foundation  of  things  must  be  visible  somewhere."  But  this  in- 
dividual insisted  that  there  was  absolutely  nothing  to  examine 
within  walking  or  driving  distance  of  that  city.  There  is,  of 
course,  a  difference  in  varying  localities.  In  Davenport,  Iowa, 
where  there  is  now  a  well  established  Academy  of  Science,  locat- 
ed in  its  own  fine  building,  and  displaying  a  great  museum,  a  few 
years  ago  there  were  but  half  a  dozen  persons  who  met  in  a  hired 
room  to  talk  informally  about  science.  They  soon,  however,  be- 
gan collecting  and  investigating  in  the  suburbs  of  their  city  ;  it  is, 
as  3"ou  know,  the  region  of  ancient  mounds.  Their  discoveries 
have  been  remarkable  and  valuable. 

In  Saratoga  Springs  where  I  reside,  we  have,  in  a  limited  way, 
an  interesting  geological  region,  and  we  have  an  active  field  club. 
It  labors  under  disadvantages,  having  had  no  regular  instruction, 
and  no  course  of  lectures,  but  it  has  been  assisted  by  two  gentle- 
men who  have  had  some  experience  in  geological  research.  As 
this  club  is  now  established  upon  an  apparently  permanent  basis, 
some  accounts  of  its  efforts  may  not  be  amiss.  There  are  between 
thirt3'-five  and  forty  members,  the  larger  number  studying  geol- 
og}",  a  few  botany,  and  others  who  are  studying  art  accompany 
these  to  sketch  from  nature.  This  community  of  interest,  among 
those  who  are  pursuing  different  studies,  has  the  advantages  of 
economy  in  the  hiring  of  vehicles  and  in  the  purchase  of  instru- 
ments like  the  microscope,  which  can  be  used  in  common.  The 
Saratoga  Field  Club  make  excursions  into  the  country  every  Sat- 
urday when  the  weather  is  favorable  for  field  work ;  they  also 
have  in-door  meetings  once  a  week,  to  compare  and  examine  speci- 
mens ;  papers  are  then  read  on  subjects  relating  to  special  objects 
of  study,  and  discussion  and  conversation  concerning  them  are  en- 
couraged. Meetings  are  also  held  during  the  winter  preparatory 
to  the  summer  work. 

We  have  in  Saratoga  the  rocks  of  the  Laurentian,  the  Lower  Si- 
lurian, of  the  drift,  the  Champlain  and  Hudson  river  periods. 
But  in  the  Laurentian  granite  alone  there  is  an  endless  variety  for 
those  who  are  interested  in  minerals.  Then,  too,  one  experiences 
a  certain  awe  in  handling  the  oldest  rocks  that  formed  a  boundary 
of  the  world's  first  continent.  The  gloom  of  that  almost  lifeless 
age  seems  still  to  creep  along  the  dark  scant  foliage  that  strives 
to  cover  the  baldness  of  these  venerable  rocks.  Worn  and  ground 
by  the  action  of  ages  they  display  few  picturesque  forms,  but 
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strength  and  endurance  seem  monlded  into  shape  among  their 
rounded  hills ;  while  nestling  among  their  unattractive  gray 
shadows  are  found  the  garnet,  the  chrysoberyl,  the  tourmaline 
and  other  beautiful  gems.  The  Potsdam  Sandstone  lying  above 
the  granite,  shows  great  variety  and  beauty  of  color,  and  Ruskin 
says  ver^'  justly  "  that  nature  tempts  iis,  like  foolish  children  as 
we  are,  to  read  her  books  by  the  pretty  colors  in  them."  The  rip- 
ple marks  and  glacial  scratches  of  this  rock  are  also  countless  and 
interesting..  The  calciferous  sand  rock  coming  next  in  succession, 
and  upon  which  the  western  half  of  our  village  rests,  is  in  many 
places  brilliant  with  crystals  and  finely  marked  with  fucoids  ;  it 
bears  also  whole  acres  of  the  marvellous  concentric  stromatopora 
which  is  peculiar  to  this  vicinity.  The  Trenton  limestone  next 
above  this  is,  as  usual,  rich  in  fossils,  and  an  afternoon  amid  its 
quarries  will  render  the  members  of  the  Field  Club  oblivious  of 
heat  or  cold  or  fatigue,  in  their  search  for  crinoids,  brachiopods, 
and  trilobites.  Such  interest  is  scarcely  diminished  in  their 
laborious  wanderings  in  other  directions  among  the  Hudson  river 
slates  and  shales  for  the  rarely  found  graptolites.  The  moraines 
and  pebble-laden  hills  of  the  drift  period  are  sought  out  and  dis- 
cussed. The  sands  of  the  Champlain  and  the  terraces  of  the 
Hudson  river  periods  are  subjects  for  thought  and  surmise,  as  we 
ride  over  the  country  toward  some  definite  object  of  investigation. 
The  great  geological  fault  which  has  given  birth  to  our  justly  re- 
nowned mineral  springs,  coming  forth  as  they  do  from  the  hidden 
fossil  oceans  of  the  buried  centuries,  stimulates  us  to  ponder  and 
to  inquire. 

Yet  for  years  most  of  the  members  of  this  club  walked  blindly 
through  these  treasures,  seeing  but  not  observing,  knowing  but 
not  seeing.  A  new  world  has  been  oi)ened  to  them,  and  this 
world  of  nature  and  of  science  would  be  a  revelation  to  hundreds 
of  otliers  if  they  were  indu(;(;d  to  engage  in  out-of-door  stvulies. 
The  pul)lic  mind  has  })een  awakened  to  an  interest  in  science 
})y  ni(.'aii8  of  tlie  popular  l(M;tur(^s  (leliv(!red  by  men  of  acrknow- 
Icflgr-d  I'iuiu),  !U)d  also  tiiroiigh  nunicious  po))Mlar  i)ul)lications. 
TiH;se  iiav(!  l)eeii  a  j)i('pnrntion  foi'  lichl  work  wliicli  can  now  be 
pursued  with  enthiiHinsiii  juid  profit.  A  H(;<M,rc]i  for  geological  facts 
in  th(!  (i(  Ids  affords  an  admiiabh;  means  of  self-discipline.  In 
the  beginning  each  one  sees  all  tliat  lie  seciks,  and  believes  tliat 
all  he  sees  is  of  immense  value,  or  he  goes  to  the  other  extreme 
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and  pronounces  everything  worthless.  He  will  be  vexed  with 
himself,  amused  and  mortified  by  turns,  but  each  blunder  will  be 
an  important  lesson,  and  soon  he  will  begin  to  discriminate,  to 
learn,  and  to  search  until  he  finds  himself  like  the  hunter  in  pur- 
suit of  game,  eager,  excited,  and  ever  ready  for  a  new  chase. 

When  the  guidance  of  a  professor  of  geology  cannot  be  secured, 
much  may  still  be  done  with  the  use  of  proper  text  books,  and 
the  state  geological  surveys ;  especially  if  there  are  a  few  men  and 
women  in  the  association  who  have  some  experience  in  field  work. 
In  every  community  a  few  gentlemen  will  be  found  who  possess  such 
knowledge.  It  is  a  deplorable  fact  that  few  women  possessing 
such  knowledge  can  be  found  in  any  community ;  except,  of 
course,  in  Boston.  I  say  deplorable,  because  scientific  training  is, 
of  all  others,  that  which  women  need  to  correct  the  defects  which 
as  a  class  they  display;  defects  which  have  become  inherent 
through  continuous  superficial  training.  In  this  case  like  must 
cure  like,  for  it  will  require  several  generations  of  women  gradu- 
ally trained  to  scientific  methods  of  thought  and  investigation  to 
eradicate  the  slip-shod  mental  habits  of  the  women  of  to-day.  A 
few  are  struggling  toward  better  and  clearer  ways,  but  the  dif- 
ficulties to  be  overcome  prove  the  low  standard  of  their  starting 
point.  Is  it  right  that  woman  should  be  ignorant  of  the  scientific 
facts  embodied  in  the  useful  and  beautiful  things  she  handles?  If 
these  facts  are  of  value  to  the  world,  they  are  of  value  to  women 
individually. 

Invite  women,  then,  to  enter  upon  this  field  of  labor,  and  science 
will  gain  thereby.  Enlist  the  enthusiasm,  the  self-sacrifice  and 
vitality  of  women  in  the  cause  of  science,  and  a  new  principle  will 
stir  the  remotest  members  of  the  body  of  scientific  knowledge. 

The  efifect  of  this  labor  upon  the  lives  of  women  is  beyond  cal- 
culation. Where  they  are  now  weak  both  physically  and  men- 
tally they  will  become  vigorous  and  strong,  where  they  are  com- 
plaining and  sentimental  they  will  grow  cheerful  and  wise.  Their 
restless  longings  will  move  into  healthful  channels,  and  they  will 
learn  to  think,  to  observe,  and  to  perform,  with  accuracy  and  de- 
liberation. They  will  discover  that  the  ability  to  learn  and  to  do 
is  not  a  mere  knack  to  be  caught,  but  that  it  is  the  result  of  con- 
tinuous and  painstaking  labor. 

Believing  as  I  do,  that  a  practical  knowledge  of  natural  science 
will  do  more  for  the  advancement  and  emancipation  of  woman 
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than  any  laws  that  can  be  made,  or  any  rights  which  can  be  grant- 
ed to  her,  I  appeal  to  the  learned  gentlemen  of  this  association  to 
invite  and  encourage  woman  to  labor  in  the  various  departments 
of  scientific  investigation.  The  progress  of  woman  depends  on 
the  exercise  and  discipline  of  her  mental  powers,  and  the  proper 
expenditure  and  econom}^  of  her  physical  powers.  Both  are  to 
be  obtained  mainly  through  a  knowledge  of  the  natural  sciences, 
and  these  will  take  and  retain  their  hold  upon  her  most  readily 
by  means  of  out-of-door  work. 

There  are  also  many  men  engaged  in  the  professions  and  in 
business  who  would  make  time  for  open  air  excursions,  if  the}^ 
thought  a  stud}^  of  natural  objects  feasible. 

In  such  studies  of  local  geology  the  amateur  may,  by  chance, 
make  valuable  discoveries,  and  he  may  in  time  become  enlisted  as 
an  enthusiast  and  specialist. 

Goethe  says,  that  in  science  "  treatment  is  nothing,  all  effect  is 
in  discovery  ;  ever}^  new  phenomenon  that  is  observed  is  a  discov- 
ery, and  every  discovery  a  property."  If  then  it  is  allowable  and 
desirable  for  amateurs  to  stud^^  science  practically,  it  is  import- 
ant for  them  to  receive  suggestions  and  instruction  from  pro- 
fessors and  specialists.  In  botany,  several  American  publications 
have  been  issued  which  serve  as  admirable  guides  for  such  per- 
sons. In  geology,  I  know  of  but  one  popular  book  on  field  work  ; 
that  is  an  English  publication.  We  need  one  especially  adapted  to 
American  geology.  A  series  of  articles  published  in  one  of  the 
popular  magazines  and  bearing  a  name  of  authority  would  give  a 
wholesome  impetus  to  this  work,  and  would  reach  many  persons 
who  desire  information  concerning  it.  These  vague  desires  and 
feeljle  reachings  after  such  knowledge  should  be  noticed  and 
cherished,  for  in  these  there  may  exist  some  of  the  future  discov- 
eries and  ti'iumphs  of  science. 
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ADDEBSS 

OF 

MR.  SAMUEL  H.  SCUDDER, 

AS  PRESIDENT  OF  THE  ENTOMOLOGICAL  CLUB  OF  THE  ASSOCIATION, 
AFTERWARDS  THE  SUBSECTION  OF  ENTOMOLOGY. 


Ladies  and  Gentlemen  : — 

It  is  the  good  fortune  of  your  President  on  this  occasion  to 
welcome  3'ou  to  his  native  heath,  where  our  favorite  science  has 
been  longer,  more  uninterruptedl}^,  and,  perhaps  more  zealously  cul- 
tivated, than  anywhere  else  in  the  new  world.  Here,  in  the  last 
century,  Peck  studied  the  canker-worm  and  the  slug-worm  of  the 
cherry,  and,  in  late  years  Rhynchaenus,  Stenocorus  and  Cossus 
—  all  highly  destructive  insects.  Here  lived  Harris,  who  cultivated 
entomology  in  its  broadest  sense,  and  whose  classic  treatise  was 
the  first  important  government  publication  on  injurious  insects 
Here,  to-day,  we  have  two  associations  for  our  work,  consisting,  it 
will  be  confessed,  of  nearly  the  same  individuals,  and  not  many  of 
them,  but  meeting  frequently  —  one  in  Boston,  the  other  in  Cam- 
bridge. Harvard  acknowledges  the  claims  of  our  study  in  sup- 
porting not  only  an  instructor  in  entomology  at  its  Agricultural 
School,  but  a  full  professor  of  the  same  in  the  University  at 
large. 

Harris  attributed  to  Peek  his  special  interest  in  entomology,  and 
his  first  paper,  that  on  the  salt-marsh  caterpillar,  appeared  in  the 
Massachusetts  Agricultural  Hepository  on\y  four  years  after  Peck's 
last,  in  the  same  magazine,  on  cherry  and  oak  insects.  How 
many  of  us  have  drawn  our  first  inspiration  from  Harris?  Yet 
probabl}^  not  one  of  our  local  entomologists  ever  saw  him.  The 
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general  direction  of  Harris's  studies  doubtless  arose  from  the  pred- 
ilections of  his  instructor ;  and  the  unprecedented  growth  of 
economic  entomology  in  this  countr}",  where  it  flourishes  as 
nowhere  else,  must  be  credited  primarily  to  the  influence  of  Harris's 
work.  With  every  temptation  which  the  wealth  of  new  material 
about  him  could  give,  or  which  a  very  extensive  correspondence 
with  naturalists  devoting  themselves  almost  exclusive!}^  to  syste- 
matic work,  like  Sa}",  would  naturally  foster,  he  wisely  followed 
the  bent  given  his  studies  by  his  early  training  under  Peck,  and 
left  a  better  example  and  a  more  generous  and  enduring  influence. 

In  our  own  da}^  the  spreading  territory  of  the  United  States, 
the  penetration  of  its  wilds,  and  the  intersection  of  its  whole  area 
by  routes  of  travel,  the  wider  distribution  and  greatly  increased 
numbers  of  local  entomologists,  as  well  as  the  demand  for  our 
natural  products  abroad,  have  set  also  before  us  the  same  tempta- 
tion to  study  only  new  forms  and  to  cultivate  descriptive  work,  to 
the  neglect  of  the  choicer,  broader  fields  of  an  ever-opening  science. 
It  is  to  this  danger  I  venture  briefly  to  call  your  attention 
to-da}^,  not  by  way  of  disparaging  the  former,  but  rather  in  the 
hope  that  some  of  our  younger  members,  who  have  not  yet  fallen 
into  the  ruts  of  work,  may  be  induced  to  turn  tlieir  attention  to 
some  of  the  more  fruitful  fields  of  diligent  research. 

We  should  not  apply  the  term  descriptive  work  merely  to  the  study 
of  the  external  features  of  insects.  The  great  bulk  of  what  passes 
for  comparative  anatomy,  physiology  and  embryology,  is  purely 
descriptive,  and  is  only  to  be  awarded  a  higher  grade  in  a  scale  of 
studies  than  that  which  deals  with  the  external  properties,  when  it 
requires  a  better  training  of  the  hand  and  eye  to  carry  it  out  and 
greater  piitience  of  investigation.  We  pass  at  once  to  a  higher 
grade  of  research  when  we  deal  with  comparisons  or  processes 
(which,  of  course,  involve  comparisons).  All  good  descriptive 
woi-Iv,  indeed,  is  also  comparative  ;  l)»it  at  the  b(!st  it  is  so  only  in 
the  narrowest  sense,  for  only  intimately  allied  I'orms  are  compared. 
In  descriptive  work  we  deal  with  simphi  facts;  in  comparative 
work  we  deal  with  ihvAV  collocation.  "Facts,"  said  Agassiz,  one 
day,  "Facts  are  stuj^id  things,  until  brought  in  connection  with 
some  general  law." 

It  is  to  this  higher  plane  tli;»t  vouva'A-uh  itself  Avith  general  laws 
tlj.'it  I  wouM  urg(;  tiie  young  student  to  bend  his  steps.  Tiie  way 
is  hard  ;  but  in  this  lies  one  ol"  its  charuis,  for  labor  is  its  own 
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reward.  It  is  hj  patient  plodding  that  the  goal  is  readied  ;  every 
step  costs  and  counts  ;  the  ever-broadening  field  of  knowledge 
exhilarates  the  spirit  and  intensifies  the  ambition  ;  there  is  no  such 
thing  as  satiety  —  study  of  this  sort  never  palls. 

It  is  hardly  necessary  to  point  out  that  so-called  systematic 
work  never  reaches  this  grade  unless  it  is  monographic  ;  unless  it 
deals  in  a  broad  way  with  the  relationship  and  general  affinities  of 
insects.  It  is  not  m}^  purpose  to  call  attention  here  to  the  needs; 
of  science  in  this  department,  as  they  are  too  patent  to  escape- 
observation  ;  but  if  one  desires  a  model  upon  which  to  con- 
struct such  work,  one  need  not  look  further  than  the  Revision 
of  the  Rhynchophora  b}'  Drs.  LeConte  and  Horn.  Rather  than 
linger  here,  we  prefer  to  pass  directly  to  some  of  the  obscurer 
fields  of  stud}'. 

When  we  compare  the  number  of  insect  embryologists  in 
America  with  tliat  of  their  European  colleagues,  the  result  is  some- 
what disheartening  and  discreditable  ;  although  perhaps  the  com- 
parison would  not  be  quite  so  disproportionate  were  some  of  our 
students  to  publish  their  notes.  But  take  all  that  has  been  done 
upon  both  sides  of  the  water,  and  what  a  meagre  showing  it  makes. 
Of  how  man}^  families  of  Coleoptera  alone  have  we  the  embryonic 
history  of  a  single  species?  Of  two  of  the  four  families  of  butter- 
flies, the  fertile  eggs  of  which  are  perfectly  easy  to  obtain,  nothing 
is  known.  In  short,  one  may  readily  choose  numbers  of  typical 
groups  whose  embr3'onic  histor^^  would  be  a  great  acquisition  to 
science.  Here  is  a  broad  field.  From  the  special  range  of  my  own 
studies  let  me  recommend  to  any  one  eager  for  this  work  to  choose 
the  eggs  of  our  common  copper  butterfly,  which  she  will  lay  to 
order  on  sorrel,  and  the  earlier  stages  of  which  can  be  obtained 
from  the  parent  at  two  or  three  different  times  of  the  year  ;  or  the 
eggs  of  an}^  of  our  common  skippers,  which  deposit  on  grass,  and 
which  are  equall}^  eas}-  to  obtain,  although  only  once  a  year.  Or, 
if  we  turn  to  Orthoptera,  the  eggs  of  our  common  Oecanthus,  con- 
cealed all  winter  in  raspberry  twigs,  are  more  transparent  and 
more  easily  obtained  than  those  of  any  other  cricket ;  and  our 
knowledge  of  the  embryology  of  any  of  the  Gryllidae  is  very  frag- 
mentary, and  of  this  particular  tribe,  nil.  Better  still,  perhaps, 
would  be  the  choice  of  our  common  walking-stick,  as  it  belongs  to 
a  bizarre  and  isolated  t^'pe,  now  known  to  be  of  ver}'  ancient  an- 


612 


ADDRESS  OF 


cestry,  and  of  whose  embryonic  histoiy  nothing  has  been  published. 
I  have,  indeed,  a  few  incomplete  notes  upon  this  insect,  but  they 
relate  wholly  to  a  late  period  of  development,  and  were  made  be- 
fore the  time  of  the  microtome,  when  work  over  such  coarse-shelled 
eggs  was  very  difficult  and  unsatisfactory.  The  eggs  may  be  read- 
ily procured,  the  insects  being  abundant  in  scrub-oak  fields  ;  the 
mother  drops  the  eggs  loosely  on  the  ground,  and  from  imprisoned 
specimens  I  have  procured  scores  in  a  single  season.  Any  one 
who  will  glance  over  the  history  of  what  has  been  done  in  insect 
embryolog}'  will  be  able  to  select  a  hundred  examples  as  important 
and  as  eas}^  to  obtain  as  those  already  named,  and  b}'  concen- 
trating his  work  upon  them  will  do  better  service  than  in  aimless 
selection  of  what  maj'  come  to  his  hands. 

In  following  the  post-embryonal  historj^  of  insects  there  is  work 
for  all.  While  allied  forms  have  in  general  a  very  similar  devel- 
opment, there  are  so  many  which  are  unexpectedly  found  to  differ 
from  one  another,  that  every  addition  to  our  knowledge  of  the  life 
histories  of  insects  is  a  gain,  and  they  are  to  be  praised  who  give 
their  close  attention  to  this  matter.  Here  is  a  field  any  entomol- 
ogist, even  the  most  unskilled,  may  cultivate  to  his  own  advan- 
tage and  with  the  assurance  that  every  new  history  he  works  out 
is  a  distinct  addition  to  the  science.  The  importance  of  an  accu- 
mulation of  facts  in  this  field  can  hardly  be  overestimated,  and 
those  whose  opportunities  for  field  work  are  good  should  espec- 
ially take  this  suggestion  to  heart.  Nor,  by  any  means,  is  the 
work  confined  to  the  mere  collection  of  facts.  How  to  account 
for  this  extraordinary  diversity  of  life  and  habits  among  insects, 
what  its  meaning  may  be,  is  one  of  tlie  [)roblenis  oC  the  evo- 
lutionist. Thcj'e  are  also  here  some  specially  curious  in(juiries,  to 
which  Sir  John  J^ubbock  and  others  have  recently  called  atten- 
tion, !uid  U)  which  Mr.  Kile^'  has  conli'ibuted  in  tins  country  by 
liis  histoiy  of  Ki>icauta  and  otiier  JNIeloidae.  J  reler  to  the  ques- 
tions conn(!cted  with  so-called  Iiyi)ernietamor[)hosis  in  insects. 
J II  these  cas(!S  there  aie  changes  ol'  lorm  din  ing  the  larval  period 
gi  eattM-  Dian  exist  betwcHMi  larva  and  pupa,  or  e\  en  between  larva 
and  innigo,  in  soiik;  insects.  'J'lierc;  ;ire  also  slighter  chang(!s  than 
lliesc  whicii  very  many  hii  vae  undcigo  ;  iinhuMl,  it  may  sal'ely  be 
ass(Mted  that  th(!  n(!wly-hatcli(!d  and  the  mature  larvjie  of  :dl  ex- 
ternal feeders  differ  from  each  other  in  some  important  features. 
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The  differences  are  reall}^  great  (when  compared  to  the  differences 
between  genera  of  the  same  family  at  a  similar  time  of  life)  in  all 
lepidopterous  larvae,  as  well  as  in  all  Orthoptera  which  have  come 
under  my  notice.  No  attempt  to  coordinate  these  differences,  or 
to  stnd}^  their  meanings,  or  to  show  the  nature  of  their  evident 
relationship  to  hj^permetamorphosis,  has  ever  been  made. 

Not  less  inviting  is  the  boundless  region  of  investigation  into 
the  habits  of  insects  and  their  relation  to  their  environment. 
The  impulse  given  to  these  studies  by  the  rise  of  Darwinism,  and 
the  sudden  and  curious  importance  they  have  assumed  in  later  in- 
vestigations into  the  origin  and  kinship  of  insects,  need  only  to  be 
mentioned  to  be  acknowledged  at  once  by  all  of  you.  Tlie  varia- 
tion in  color  and  form  exhibited  by  the  same  insect  at  different 
seasons  or  in  different  stations,  "  sports,"  the  phenomena  of 
dimorphism,  and  that  world  of  differences  between  the  sexes, 
bearing  no  direct  relation  to  sexuality  ;  mimicry  also,  phosphores- 
cence and  its  relations  to  life,  the  odors  of  insects,  the  relation  of 
anthophilous  insects  to  the  colors  and  fructification  of  flowers,  the 
modes  of  communication  between  members  of  communities,  the 
range  and  action  of  the  senses,^  language,  commensalism, —  these 
are  simply  a  few  topics  selected  quite  at  random  from  hundreds 
which  might  be  suggested,  in  each  of  which  new  observations  and 
comparative  studies  are  urgently  demanded. 

Tlie  fundamental  principles  of  the  morphology  of  insects  were 
laid  down  by  Savignj-  in  some  memorable  memoirs  more  than 
sixty  years  ago ;  the  contributions  of  no  single  author  since  that 
time  have  added  so  much  to  our  knowledge,  notwithstanding  the 
aid  that  embryology  has  been  able  to  bring.  Nevertheless  there 
remain  many  unsolved  problems  in  insect  morphology  which  by 
their  nature  are  little  likely  to  receive  help  from  this  source.  Let 
me  mention  three  : 

The  first  concerns  the  structure  of  the  organs  of  flight.  The 
very  nomenclature  of  the  veins  shows  the  disgraceful  condition 
of  our  philosophy  of  these  parts  :  the  same  terminology  is  not 
employed  in  any  two  of  the  larger  sub-orders  of  insects ;  names 
without  number  have  been  proposed,  rarely  however  by  any  author 
with  a  view  to  their  applicability  to  any  group  outside  that  which 
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formed  his  special  study  ;  and  a  tabular  view  which  should  illus- 
trate them  all  would  be  a  curious  sight.  A  careful  study  of  the 
main  and  subordinate  veins,  their  relations  to  each  other,  to  the 
different  regions  of  the  wing,  to  the  supporting  parts  of  the  tho- 
rax and  to  the  alar  muscles,  should  be  carried  through  the  entire 
order  of  insects  ;  by  no  means,  either,  neglecting  their  develop- 
ment in  time,  and  possibly  deriving  some  assistance  in  working 
out  homologies  by  the  study  of  their  hypodermic  development. 

The  second  concerns  the  mouth  parts.  The  general  homologies 
of  these  organs  were  clearly  and  accurately  enough  stated  by 
Savign}',  thongh  one  may  perhaps  have  a  right  to  consider  the 
last  word  not  yet  said  when  one  recalls  Saussure's  recent  claim  to 
have  found  in  Hemimerns  a  second  labium.  What  I  refer  to,  how- 
ever, is  another  point :  it  relates  to  the  appendages  of  tlie  max- 
illae and  the  labium.  Considering  the  labium  as  a  soldered  pair 
of  secondary  maxillae,  we  liave  at  the  most,  on  each  pair  of 
maxillae,  three  appendages  upon  either  side.  These  appendages, 
as  you  know,  are  very  variously  developed  in  different  sub-orders 
of  insects,  or  even  in  the  same  sub-order ;  and  it  has  at  least  not 
been  shown,  and  I  question  if  it  can  be  done,  that  the  parts  bear- 
ing similar  names  in  different  sub-orders  are  always  homologous 
organs.  Here  is  a  stud}^  as  broad  and  perhaps  as  difficult  as  the 
last. 

The  third  is  the  morphological  significance  of  monstrosities, 
especially  of  such  as  are  termed  monstrosities  by  excess.  The 
literature  of  the  subject  is  very  scattered,  and  the  material  much 
more  extensive  than  many  of  you  may  tliink.  At  present  tliis 
sul)ject  is,  so  to  speak,  only  one  of  the  curiosities  of  entomology, 
but  we  may  be  confident  that  it  will  one  day  show  important  rela- 
tions to  the  story  of  life. 

After  nil  the  labors  of  Ilerold,  Trevii'auus,  Lyonet,  Dufour,  and 
doz(;ns  of  ()i\\o,v  such  industrious  and  illustrious  workers,  some  of 
you  would  pci  liaps  ask  :  Is  there;  anythiug  important  i-(;m:iining  to 
be  doiK!  in  tlx;  gross  anatomy  of  iusects?  Let  the  recent  work  of 
soriHi  of  our  own  ninnber  answer,  which  has  shown  in  the  llemip- 
tera  and  Lcpido))t(');i.  tli(!  (jxistcnce  of  a  curious  pumping  .'irr.'inge- 
ment  by  wliicli  nuti  ilious  fluids  are  forc(!d  into  the  stonnu'h.  It 
is  certainly  strang(!  that  after  nil  tluit  hns  been  snid  as  to  the  mode 
in  which  a  butterfly  feeds,  tlnit  no  oik;  should  have  diss(!cted  a 
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specimen  with  sufficient  care  to  have  seen  the  pharyngeal  sac 
which  Mr.  Burgess  will  soon  show  us.  No  !  the  field  is  still  an 
open  one,  as  the  annual  reviews  clearly  show.  The  curious  results 
of  Flogel's  studies  of  the  brain,  the  oddly  constructed  sense- 
organs  found  by  Graber  and  Me3^er  (early  noticed  briefly  by 
Leydig)  in  the  antennae  of  Diptera,  the  important  anatomical  dis- 
tinctions discovered  by  Forel  in  different  groups  of  ants,  the 
strange  modification  of  the  tip  of  the  spiral  tongue  in  Ophideres, 
which  Darwin,  Breitenbach  and  Kiinckel  have  discussed,  and, 
above  all,  the  extensive  investigations  of  the  nervous  S3'stem  in 
insects,  generally,  which  Brandt  has  recently  undertaken,  and  the 
keen  researches  of  Graber  in  various  departments  of  insect  anat- 
ora}',  show,  by  what  has  been  accomplished,  how  many  harvests 
are  still  unreaped.  The  microtome,  too,  has  put  a  new  instru- 
ment of  precision  into  the  hands  of  the  investigator  in  this  field. 

We  might  in  the  same  way  point  out  some  of  the  special  needs 
in  the  study  of  the  finer  anatomy  or  histology  of  insects,  but  the 
pressure  of  other  duties  forbids  a  further  pursuit  of  the  subject. 
Enough  surely  has  been  suggested,  even  in  this  hasty  sketch,  to 
show  that  we  cannot  yet  rest  upon  our  oars,  but  must  push  for- 
ward undaunted  into  still  unknovvn  waters.  If  these  few  words 
shall  arouse  in  any  one  a  higher  ambition  leading  to  better  work, 
their  aim  will  have  been  accomplished. 
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Further  notes  on  the  Pollination  of  Yucca  and  on  Pronuba 
AND  Prodoxus.    By  C.  V.  Riley,  of  Washington,  D.  C. 

At  the  Dubuque  meeting  of  the  Association,  in  1872,  it  was  my 
privilege  to  lay  before  you  the  substance  of  a  then  unpublished 
communication  to  the  Academy  of  Science  of  St.  Louis,  embody- 
ing sundry  facts  regarding  an  interesting  and  anomalous  little 
moth  {Pronuba  yuccasella,  fig.  1),  and  its  connection  with  the  pol- 
lination of  our  Yuccas.  The  observations  were  made  in  the  year 
1872  and  are  recorded,  with  additional  facts  ascertained  in  1873, 
in  the  Transactions  of  the  above-named  Academy  (Vol.  Ill,  pp. 
55-64  and  178-180),  the  American  Naturalist  (Vol.  VII,  Oct. 
1873)  and  my  5th  and  6th  Reports  on  the  Insects  of  Missouri.  As 
the  facts  have  never  been  published  in  our  Proceedings,  I  will 
present  the  more  important  of  them  by  brief  recapitulation. 

The  moth  (fig.  2,6, c,)  has  an  immaculate  w^hite  upper  surface, 
and  fuscous  under  surface  in  both  sexes,  and  rests  during  the 
day  for  the  most  part  within  the  half-closed  flowers,  the  protective 
coloring  of  which  serves  to  conceal  it.  The  male  possesses  no 
very  marked  characters,  but  the  female  is  most  anomalous  ;  firsts 
in  possessing  a  pair  of  prehensile,  spinous,  maxillary  tentacles 
(fig.  1,  6)  found,  so  far  as  we  now  know,  in  no  other  genus  of 
Lepidoptera ;  second^  in  possessing  a  long,  horny  ovipositor  (fig. 
l,j,  and  fig.  3),  adapted  to  piercing  and  penetrating — a  struc- 
ture equally  exceptional  among  Lepidoptera  :  "  When  the  ovipos- 
itor is  entirely  withdrawn,  the  tip  of  the  abdomen  [fig.  3,  a]  presents 
a  truncate  appearance,  the  terminal  joint  being  bluntly  rounded 
at  tip,  with  a  slight  projection  both  above  and  below,  and  a  corru- 
gated ridge  dorsally  a  little  in  advance  of  the  tip.  This  ter- 
minal joint  is  very  much  compressed  from  the  sides,  with  a  few 
stiff  hairs  around  the  terminal  borders.  The  ovipositor  issues 
from  the  middle  of  the  truncate  end,  is  very  fine,  tubular,  the  basal 
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joint  [fig.  3,  6]  beautifully  imbricato-granulate,  the  terminal  joint 
[fig.  3,  d]  perfectly  smooth,  long  and  peculiarlj^  constructed  at 
tip,  the  extreme  tip  being  notched  or  serrate,  and  a  dorsal  mem- 
brane, also  finely  and  sharplj-  serrate,  running  anterit)!'!}^  from  it — 
the  whole  recalling  in  form  the  caudal  and  second  dorsal  fins  of 
the  Lamprey  (Petromyzon) .  Ventrally  along  the  terminal  joint 
is  seen  a  membranous  duct  which  broadens  just  in  front  of 
the  tip  and  has  an  outlet  from  which  a  soft  and  extensile  ovi- 
duct can  be  extruded  [fig.  3,  e].  The  whole  structure  is,  in 
fact,  admirably  adapted  to  cleaving  through  the  fruit  of  the 
Yucca  and  then  running  into  the  ovarian  cavity." — Am.  En- 


Fig.  1.— Pronuba  yuccasella:  Generic  characters  — a,  side-view  of  liead  and  neck 
of  female  denuded,  sliowlnj?  how  the  collected  load  of  pollen  (1)  is  held 
by  tlie  tentacles  (2);  6,  maxillary  tentacle  and  palpus;  c,  an  enlarged  si)ine; 
(I,  i)alpus  separated;  e,  scale  from  front  wing; /,  front  leg;  ff,  i)alpu.s;  h,  i, 
front  and  hind  wings  denuded;  j,  anal  joint  of  female  wiUi  ovipositor. 

tomologist,  HI,  p.  182. —  Within  the  abdomen  the  ovipositor  divides 
into  four  stout,  horny  rods  which  extend  nearly  its  whole  leugth, 
the  upper  pair  being  continuations  of  and  aiding  in  the  protrusion 
of  tlie  terminal  joint  of  the  ovipositor,  the  lower  pair  connected 
witli  the  })asal  joint  thereof.  A  careful  study  of  the  ovipositors, 
in  the  different  species  of  Pronuba  and  Prodoxus^  characterized  in 
this  [}aper,  shows  that  they  are  all  foruKid  ui)on  the  same  plan  and 
tiiat  their  diverse  characters  arc  but  modifications  of  this  typical 
form.  'JMiey  all  agree  in  forming  a  solid  piercing  organ,  which 
Bhields  tlie  exsertile,  membranous  oviduct.  'J'lic  nearest  appioach 
to  such  a  piercing  ovipositor  in  this  Order  will  probably  be  found 
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in  some  of  the  PyraUdce;  for,  in  a  moth  of  this  family  {Clydonop- 
teron  tecomce,  MS.  mihi)i  the  ovipositor  is  slightl}^  horny  and 
flattened  and  apparent!}'  fitted  for  slipping  nnder  the  skin  of  the 
pods  of  Tecoma  in  which  its  liirvse  live.  A  somewhat  similar 
structure  is  observable  in  some  species  of  Pempelia  and  in  Pyralis 
olinaJis.  In  all  other  Lepidopterous  insects  known  to  me  the  ovi- 
positor, when  at  all  specialized,  presents  merely  a  horny  sheath, 
either  uniformly  horny  and  C3dindrical  or  having  the  dorsal  and 
ventral  edges  more  or  less  membranous  and  the  sides  more  or 
less  produced  and  sometimes  pointed.  In  Paleacrita  it  is  ex- 
tremely elongate  and  fitted  for  secreting  the  eggs  under  the 
scales  of  bark.  In  some  Noctuids,  as  in  Leucania,  it  is  very 
much  compressed  from  the  side, 
to  fit  it  for  secretins;  the  eo-crs  be- 
tween  blades  of  grass  (a  form  re- 
peated in  the  Pyralid,  Xomopliila 
hybridalis)  ;  while  in  others  it 
is  produced  to  a  tolerabl}^  sharp 
point  to  enable  the  eggs  to  be 
thrust  in  between  the  scales  of  a 
bud,  the  terminal  leaflets  of  a  stem, 
or  into  the  corolla  of  a  flower. 
The  more  t^'pical  form  of  this  kind 
of  horny  and  exsertile  ovipos- 
itor in  the  Order  may  be  found  in 
the  jEgeriidse,  in  which  it  is  ad- 
mirably adapted  for  probing  the 
crevices  of  the  bark  of  the  plants 
in  which  the  larvae  burrow.  In  the  Zeuzerides,  as  in  certain 
large  Australian  species,  it  is  flattened  to  permit  the  thrusting  of 
the  eggs  underneath  the  scales  of  bark  of  Acacia  and  Eucal3'ptus. 
In  the  Castniides  (as  in  Synemon  sopJiia,  White)  we  find,  again,  a 
special  modification,  the  terminal  joint  being  armed  with  retrorse 
spines  and  having  a  rather  sharp,  blade-like  tip,  compressed  lat- 
erall}^ ;  but  I  know  of  no  other  Lepidoptera  beyond  those  men- 
tioned in  this  paper  which  have  piercing  and  sawing  ovipositors, 
with  an  extensile  and  elastic  oviduct  issuing  from  an  orifice  near 
and  beneath  the  tip,  and  the  highest  living  authority  on  European 

1  Figured  and  described  since  this  paper  ^YiiS  read,  in  the  American  Entomologist, 
III,  p.  287. 


Fig.  2.  — Proxuba  yuccasella: 
fl.  larva;  6,  $  moth  with  closed  wing ; 

c.  do.  with  wings  expanded— nat.  size ; 

d,  side  view  of  larval  joint;  e  head  of 
larva,  beneath; /.  do.  above;  g,  tho- 
racic leg  of  same;  h.  maxilla,  i,  man- 
dible; j,  spinneret  and  labial  palpi; 
k,  antenna  —  enlarged. 
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Tineids,  Mr.  H.  T.  Stainton,  wrote  me  some  years  ago  that  there 
was  no  European  genus  in  the  family  at  all  analogous  to  Pronuba 
in  this  respect. 

The  internal  organization  will  doubtless  show  peculiarities  cor- 
responding to  the  external  structure  ;  and  one  feature  is  wortlw  of 
mention,  because  very  noticeable  even  through  the  sides  of  the 
body  when  that  is  rendered  in  any  way  transparent.  It  is  a 
pair  of  brown,  chitinous,  radiate  structures,  each  with  a  darker,  cir- 
cular, central  ring,  and  extending  across  the  third  abdominal  joint. 
More  carefully  studied,  the  dark  circle  is  seen  to  represent  the  end 
of  a  hollow,  though  shallow,  cylinder  from  the  sides  of  which  the 


Fig.  3.— Genital  characters  of  Pronuba  yuccasella:  a,  tip  of  $  abdomen  rendered  some- 
what transparent;  6,  basal  joint  of  ovipositor;  c,  its  sculpture ;  rf,  terminal 
joint  of  same;  e,  tip  still  more  enlarged;  /,  genitalia  cf  IVom  side;  g,  do. 
from  above;  /i,  egg. 

filaments  or  spicules  radiate  as  spokes  from  a  hub.  These  radiate 
objects  seem  to  distend  the  walls  of  a  sack,  which  is  evidently 
the  hxirHd  copulatrix^  as  Dr.  Ilagen  has  clearly  made  out  in  his 
recent  studies  of  Procloxus  decipims,  in  wliich  the  radiating 
spicules  arc  fewer,  shorter  and  thick(?r  than  in  Pronuba. 

The  egg  of  Pronuba  (fig.  3,  A),  vvhi(;h  is  very  soft  and  plastic, 
is  thrust  througli  the  i)istii  or  young  fi  uit  ;ind  into  the  ovule.  The 
larva  (fig.  2,  a),  which  is  pecuIiMr  in  poss(!ssiiig  no  i)rolegs,  feeds 
u\)()U  the  S(;ed8,  issues  from  the;  c.-ipsulc  fis  i1,  rijx'ns,  ;ind  hihcruMtes 
in  ii  tougli  cocoon  undergi-ound.  Tiie  (;iirysalis  (fig.  4)  olf(;rs 
characters  which  eniil>le  us  to  separate  the  sexes  in  this  state, — 


BY  C.  V.  RILEY. 


621 


a  very  unusual  occurrence  —  and  is  admirably  adapted,  by  means 
of  spade-like  dorsal  spines,  for  forcing  its  way  up  through  the 
ground,  which  it  does  to  give  forth  the  moth  at  the  time  of  the 
flowering  of  its  food-plant. 

In  regard  to  the  habits  of  the  female  moth,  which  are  more  par- 
ticularly- interesting,  I  shall  take  the  libert}^  of  quoting  the 
original  language  used  : 

"Before  she  [the  female]  can  carry-  out  the  maternal  task  of 
continuing  her  race,  she  must  act  as  foster-mother  to  the  plant  in 
order  to  insure  a  proper  supply  of  food  to  her  larvae,  which  feed 
on  its  seeds.  With  her  maxillary-  tentacle,  so  wonderfully^  mod- 
ified for  the  purpose,  she  collects  the  pollen  in  large  pellets,  and 
holds  it  under  the  neck  and  against  the  front  ti'ochanters.  In  this 
manner  she  sometimes  carries  a  mass  thrice 
the  size  of  her  head.  Thus  laden,  she  clings 
to  the  top  of  the  pistil,  bends  her  head,  thrusts 
her  to'ngue  into  the  stigmatic  nectary^  and 
brings  the  pollen  mass  right  over  its  mouth. 
In  this  position  she  works  with  a  vigor  that 
would  indicate  combined  pleasure  and  pur- 
pose—  moving  her  head  and  body^  from  side 
to  side,  and  apparently  making  every^  effort 
to  force  the  pollen  into  the  tube.  Such  is  the 
method  by  which  our  Yuccas  are  fertilized."  ^ 

Or,  again,  from  the  observations  of  1873  : 

"The  Yucca  flowers  are  fully  opened  and  perfect  during  a  sin- 
gle evening  and  night  only,  and  it  is  during  this,  the  first  night 
of  blooming  that  eggs  are  consigned  to  the  somewhat  prismatic 
pistil.  The  pollen  grains  are  not  so  often  expelled,  to  fall  on  the 
inside  of  the  flower,  as  I  had  been  led  to  suppose  ;  but  almost 
always  remain  in  an  entire  lump  on  the  contracted  and  curled 
anthers.  The  moth,  consequently^,  has  no  difficulty^  in  accumulat- 
ing her  little  load  of  pollen,  for  a  single  anther  furnishes  nearly 
the  requisite  amount. 

"  Once  equipped  with  this  important  commodity,  she  may  be  seen 
either  crawling  over  or  resting  within  the  flower.  From  time  to  time 
she  makes  a  sudden  start,  deftly  runs  around  and  among  the 
stamens,  and  anon  takes  position  with  the  body  between  and  the 
legs  straddling  some  two  of  them — her  head  turned  towards  the 


Fig.  4.  — Pronuba 
yuccaseli.a:  ^,  male; 
m,  female  chrysalis. 


2  5tli  Kept.  Ins.  Mo.,  p.  152. 
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stigma.  As  the  terminal  lialves  of  the  stamens  are  always  more 
or  less  recurved,  she  generally  has  to  retreat  between  two  of 
of  them  until  the  tip  of  her  abdomen  can  reach  the  pistil.  As 
soon  as  a  favorable  point  is  reached — generally  just  below  the 
middle — the  lance-like  sheath  of  the  ovipositor,  which  consists  of 
four  converging  corneous  bristles,  is  thrust  into  the  soft  tissue, 
held  there  a  few  seconds  wliile  the  eog^  is  conducted  to  its 
destination,  and  then  withdrawn  by  a  series  of  up  and  down 
movements.  So  intent  is  she  upon  this  work  that  after  the  ovi- 
positor once  penetrates  the  pistil  the  whole  perigon  may  be  de- 
tached, some  of  the  encumbering  petals  and  stamens  removed, 
the  insect  bi-ought  within  the  focus  of  a  good  lens,  and  all  her 
movements  observed  to  the  greatest  advantage,  without  disturb- 
ing her.  In  this  wa}^,  I  have  been  able  to  watch  the  consignment 
of  hundreds  of  eggs,  and  to  admire  the  delicacy  and  elasticity  of 
the  ovipositor  proper,  which  issues  from  the  setaceous  sheath  in  a 
silk-like  thread,  almost  invisible  to  the  naked  eye,  and  as  long  as 
the  terminal  abdominal  joint ;  and  which  stretches  and  bends  ac- 
cording as  the  body  is  raised  or  lowered. 

No  sooner  is  the  ovipositor  withdrawn  into  the  abdomen  than 
the  moth  runs  up  to  the  top  of  the  pistil,  uncoils  her  pollen-be- 
decked tentacles,  thrusts  them  into  the  stigmatic  opening,  and 
works  her  head  vigorously  as  I  have  previously  described — the 
motion  being  mostly  up  and  down  and  lasting  several  seconds. 
This  carrying  of  the  pollen  to  the  stigma  generally  follows  eveiy 
act  of  oviposition,  so  that  where  ten  or  a  dozen  eggs  are  con- 
signed to  a  single  pistil,  the  stigma  will  be  so  many  times  be-pol- 
lened.  The  ends  of  the  tentacles,  which  are  most  setose  and 
spin}',  and  which  are  always  curled  into  the  pollen-mass  when  not 
uncoiled,  nuist  necessarily  carry  a  number  of  pollen  grains  each 
time  pollination  takes  place  ;  and  I  have  noticed  a  gradual  dim- 
inution in  the  size  of  the  collected  mass,  corresponding,  no  doubt, 
to  the  woik  licrformed,  wliicli  is  indicated  by  the  rul)l)ed  and 
worn  Mpix-ai-ance  of  the  individual  —  the  freshest  s[)ecimens 
always  hnving  the  larg(!st  lo.-ids. 

*'Wiiil<;  oviposition  gcmerjiiiy  l.'ikes  i)hic(!  in  tlu;  manner  d(!S- 
crib(!d,  tii(!  moth  head  outward  and  sti  juldling  two  stamens,  an 
enlircly  oj)|)Osit,(;  position  must  sometimes  be;  assumed,  since  l.'ir- 
\Hi  and  i)ii)ict  incs  arc,  not  iinrrcrjncnl  ly  found  in  the  ujtjx'r  i)ai-t  of 
the  fVnil,  especially  whe)(!  a  singU;  ojie  is  stocked  wilh  t(!n  or  a 
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dozen  larvre,  as  is  sometimes  the  case.  As  the  fruit  enlarges,  the 
mouth  of  the  puncture  forms  a  slight,  discolored  depression,  more 
noticeable  in  some  varieties  than  others  ;  but  the  passage-way  be- 
comes obliterated."  3 

The  above  are  some  of  the  leading  facts  in  the  natural  history 
of  Fronuba  yuccasella  that  can  be  verified  by  any  one  who  cares 
to  take  the  trouble  to  observe  them. 

The  insect  offers,  however,  such  a  remarkable  instance  of 
special  modification  of  parts  to  a  particular  end,  and  there  is  such 
a  striking  interdependence  between  it  and  its  food-plant,  that 
Hermann  Muller,  who,  from  his  extensive  studies  of  the  relations 
between  plants  and  insects,  is  most  competent  to  speak  on  the 
subject,  avowed  it  to  be  the  "most  wonderful  instance  of  mutual 
adaptation"^  yet  detected.  The  original  observations  have,  as  a 
consequence,  been  widely  commented  on.  My  conclusions  haA^e 
not  unfrequently  been  criticised,  and  too  often,  I  regret  to  say,  by 
those  who  seem  not  to  have  taken  the  trouble  to  read  the  original 
articles.  With  a  view  of  emphasizing  the  facts  already  published 
and  of  presenting  others  recently  ascertained,  let  me  briefly  con- 
sider the  criticisms  that  have  been  made  : 

1.  Capsules  are  often  found  uninfested  with  the  Pronuha 
larva,  and  several  writers  have  assumed  that  such  could  not  have 
been  fertilized  by  the  moth  and  that  this  last  is  not  necessar}^  to 
produce  fertilization. 

The  following  quotations  from  the  original  articles  offer  a  suffi- 
cient reply  to  this  objection  : 

.  "  It  is  quite  possible  that  the  moth  ma}^  at  times,  introduce  the 
pollen  into  the  stigmatic  tube  without  consigning  an}^  of  her  eggs 
to  the  fruit,  and  we  should  naturally  expect  to  find  some  capsules 
uninfested  with  her  larvse.  But  1  have  this  j^ear  examined  hundreds 
of  capsules  around  St.  Louis,  and  some  in  South  Illinois,  and  not 
more  than  four  or  five  per  cent,  were  uninfested.  Sometimes  every 
pod  on  the  same  plant  had  its  worms,  while  at  others  half  the  pods 
on  a  given  panicle  w^ould  be  free  from  them.  From  the  very  large 
percentage  of  infested  pods,  I  conclude  that  oviposition  naturally 
and  immediately  follows  fertilization,  unless  the  moth  be  dis- 
turbed." ^  "  While  oviposition  is  generally  followed  (and  not  pre- 

3  Gth  Kept.  Ills.  Mo.,  pp.  133-4. 

*  III  correspondence  with  the  writer.  See  also  Zoologische  Garten,  Frankfort,  Oct. 
1874. 

5  Trans.  Ac.  Sc.  St.  Loui.?,  Ill,  p.  G2. 
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ceded,  as  I  formerly  supposed)  each  time  by  pollination,  yet  the 
former  sometimes  takes  place  twice,  thrice  or  oftener  without  the 
latter  being  performed  ;  and  I  suspect  that  the  converse  of  this  is 
equally  true."  ^ 

2.  Yucca  occasionally  and  exceptionally  seeds  in  Europe, 
and  several  horticultural  writers  arguing  from  this  fact,  and  doubt- 
less without  informing  themselves  of  what  I  had  really  written, 
have  repudiated  any  necessary  connection  between  the  moth  and 
the  flower.  A  single  illustration  from  a  recent  editorial  in  a 
leading  horticultural  journal,  the  London  Garden^  and  approvingly 
quoted  in  Vicks'  Illustrated  MontJdy  Magazine^  for  March,  1880, 
will  suffice : 

"  I  fancy  insect  agency  is  talked  of  in  a  very  unscientific  way  by  too 
enthusiastic  followers  of  Mr.  Darwin.  I  remember  reading  Professor 
Riley's  dogma  that  the  Yucca  could  only  possibly  be  fertilized  by  a  certain 
American  insect,  and  being  amused  at  it  because  I  had  seen  it  fruiting 
well  at  the  south  of  Europe,  and  also  in  France.  Probably  we  should  see 
it  oftener  if  we  had  a  better  climate.  I  now  note  what  Mr.  Ellacombe, 
writing  to  a  contemporary,  says  :  '  There  can  be  no  doubt  that  the  Yucca 
can  be  fertilized  by  other  means  than  by  the  agency  of  the  Yucca  moth, 
rroimha  yuccasella.  1  have  more  than  once  had  well  formed  fruit  of  Y. 
recurvifolia,  but  the  seeds  did  not  come  to  maturity.'  Dr.  Engelmann,  in 
his  Notes  on  the  Genus  Yucca,  says  :  '  In  the  botanical  garden  of  Venice  I 
gathered  the  pulpy  pods  from  a  large  Yucca  aloifolia,  about  fifteen  feet 
liigli.  This  was  the  only  Yucca  fruit  seen  by  me  in  Europe,  though  I  have 
since  learned  that  in  other  instances,  also,  though  only  exceptionally,  fruit 
and  good  seed  have  been  produced  there,  principally  i)y  the  same  species, 
and  very  rarely  by  others.'  I  remember  the  late  Mr.  Baiiillee  telling  me 
he  had  raised  a  great  many  varieties  of  Yucca  (jloriosn  from  seed  saved  in 
France.  However,  this  mistake  on  the  part  of  so  good  a  man  as  Kiley  is 
good  sense  compared  with  what  we  read  on  this  side  as  to  th(;  influence 
of  insects  on  the  color  and  odor  of  plants.  The  statement  by  Mr.  AVai>lack, 
for  example,  that  showy  flowers  are  scentless,  because  from  their  color 
they  are  suflicientiy  attractive  to  insects,  may  pass  for  science  with  some 
innocent  p(-ople,  but  it  seems  foolish  to  those  who  know  even  only  a  few 
garden  i)lants," 

Again  let  my  original  language  do  duty  in  reply  : 
"  Our  Yuccas,  on  tlic  contrary,  seem  to  depend  for  assistance, 
so  far  as  v:e  rum  know^  on  the  single  little  Tineid  wliicli  I  have 
describ(;d,  and,  foi-  tliis  r(!ason,  are  among  tlie  most  int(!i-esting  of 
(!ntoniopliih)UM  plants.  At  least  such  is  the  case  witli  tlie  capsule- 
l>earing  six-eies,  i.  e.,  those  wliieh  Iiave  dry,  (leliisccnt  jxxls  ;  and  I 
will  lic)(!  prcimise  that  my  obsei'vatioiis  been  ni:ul(!  upon  a 

filani(!ntoH(;-l(?aved  spc'cies  in  common  cultivation  about  St.  J^ouis, 
and  which        Kngelmann  takes  to  be  Y.  jmberula  or  Y.  ylauca. 


Am,  Sat.,  Oct.  IbT.'j. 
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The  fructification  of  such  Yuccas  as  bear  flesh}^,  pulpy  fruit,  of 
which  Y.  aloifoUa  may  be  taken  as  the  type,  has  not  been  studied  ; 
but,  even  with  this  last  mentioned  species,  the  facts,  so  far  as 
known,  strongly  indicate  that  P/-o)it<6a  is  principally,  if  not  solel3% 
instrumental  in  bringing  it  about.  Its  seeds  are  infested  with  our 
Pronuha  larva,  though  not  to  the  same  extent  as  those  of  the 
dehiscent  species.  It  would  be  premature  to  speculate  until  we 
have  further  facts  ;  but  it  is  not  at  all  unlikely  that  the  seeds  of  the 
fleslw  pods  are  less  congenial  to  the  lavvfe,  and  that  a  smaller 
percentage  [of  these]  is  produced  from  the  eggs  consigned  to  such 
pods  by  the  moth."  ^ 

Those  parts  of  the  quotation  which  I  have  emphasized  show 
little  inclination  to  form  sweeping  conclusions,  not  \varranted  b}^ 
the  facts  observed.  Again,  after  bringing  together  such  facts  as 
were  then  obtainable  respecting  the  seeding  of  Yucca  in  different 
parts  of  America  and  Europe,  and  citing  the  case  of  the  seeding  of 
Y.  Jilamentosa^  observed  by  Mr.  T.  Smith  at  Newr}'  in  England, 
in  1868,  I  wrote : 

"  These  extracts  prove  that  the  Yucca  moth  occurs  on  Long- 
Island,  and  around  New  York,  and  intlicate  that  other  insects  occa- 
sionally poUinize  the  flowers.  The  experience  of  Mr.  Smith,  in 
England,  is  as  interesting  as  it  is  exceptional ;  but  until  we  learn 
whether  or  not  the  work  of  the  larva  was  manifest,  no  safe  conclu- 
sions can  be  drawn.  Other  insects  may  have  been  the  x>ollinizers^ 
or  Pronuha  may  have  been  locally  introcluced  ivith  seed  from  America. 
This  last  view  may  not  appear  very  plausible,  but  if  both  sexes  of 
the  insect  were,  by  some  chance,  introduced  into  a  locality  where 
Yuccas  of  blooming  age  were  growing,  there  is  no  leason  why 
the}'  should  not  multipl}^ ;  and  such  chance  introduction  is  not 
impossible,  since  the  larva  not  unfrequently  remains  in  the  capsule 
after  the  seed  is  ripe,  where  it  fastens  a  number  of  the  l  iddled 
seeds  together  into  a  sort  of  cocoon,  which  might  easil}^  pass 
unnoticed  in  gathering  seed  ;  and,  if  buried  in  the  ground  with 
such  seed,  would  in  time  give  forth  the  motii."  ^ 

And  after  a  second  summer's  investigation,  I  further  wrote  : 
M}'  observations  this  summer  might  be  extended  much  in 
dettiil.    They  have  convinced  me  more  than  ever  that  Proimba  is 
the  only  insect  by  the  aid  of  which  our  Yuccas  can  be  fully 

^  Trans.  Ac.  Sc.,  St.  Louis,  III,  pp-  5S-9. 
8  5Ui  liep.  Ins.  of  Mo.  (lf«7:i)  p.  L'ig. 

A.  A.  A.  S.,  VOL.  XXIX.  40 
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fertilized  ;  for  I  have  studied  this  fertilization  diligently  night 
after  night,  without  seeing  any  other  species  go  near  the  stigma. 
The  stigmatic  opening  closes  after  the  first  night,  and  I  know  of 
no  crepuscular  or  nocturnal  species  which  could  collect  the  requi- 
site amount  of  pollen  and  bring  it  so  to  bear  on  the  stigma  that 
each  ovule  would  receive  the  influence  of  a  pollen  grain.  The 
species  already  enumerated  as  frequenting  Yucca ^  are  mostly 
diurnal,  and  have  nothing  to  do  in  the  work  ;  and  wherever  I  have 
excluded  the  moth  from  the  flowers,  by  enclosing  the  latter  with 
netting,  no  fruit  has  been  prodifced.  /  aw,  therefore^  led  to  believe 
that  the  feiv  rare  instances  of  yucca  fertilization^  in  localities  ivhere 
Pronuba  may  be  presumed  not  to  occur^  have  been  brought  about  by 
another  insect  accidentally^  or  by  the  stamens  reaching  an  exceptional 
lengthy  and  the  anthers  being  brought  into  contact  tvith  the  stigma  by 
the  conniving  of  the  closing  petals.  I  have  found  the  stamens  of 
varying  length  in  the  flowers  on  the  same  panicle,  and  in  some 
instances  almost  as  long  as  the  pistil." 

The  accompanying  figure  (fig.  5)  illustrates  a  few  pistils  from 
the  same  species  of  Yucca,  and  indicates  (a)  a  deformity  of 
tolerably  common  occurrence  in  which  the  anthers  may  easily  be 
brought  in  contact  with  the  stigma,  and  also  (Z>,  c,  d,)  varying 
length  of  the  stamens.    I  also  figure  (fig.  6)  a  flower  of  Yucca 

» .1  take  the  opportnnity  in  this  connection  to  elaborate  the  list  given  in  my  5th  Mo. 
Keport  (p.  154)  of  insects  known  to  me  to  IVequent  and  infest  Yucca.  Coleopteka. 
Frequenting tlie  flowers  and  evidently  feeding  upon  the  pollen:  Carjwpfiilns  ynccoe  Cr., 
C.  pnllipeKniaSiiy,  Euphoria  melanchoUat,  Gory ,  E.ful(ji(la  Fabr.,  Trichius  delta  Forst., 
C'haulioyiiathus  americanus  Forst.,  C.  margiiiatus  Fabr.,  Strangalia  strigom  Newm., 
TypoceruH  zehratus  Fabr.,  Ilymenorus  denms  Lee,  Anthonomus  aiynatus  Say  and  many 
other  h^pecie.s  of  less  Ircquent  occurience.  Living  in  the  fruit:  Silvamis  quadricollis 
G\u':Y.,  ('arp<>philu»  mutilatusViihr.,  Epurcca  liiteola  Er.  and  a  Trogositid  larva,  pre- 
sumably of  TrogosHa  yuccce  Cr.  Living  in  the  dead  flower  stem;  Ilypothevemus 
hispidiiluH  Lec.  Living  under  the  bark,  or  boring  in  the  root-stem  of  the  plant: 
CarpophUuK  iiU'lajHipierus  Er.,  larva  of  Trogosita  yuccm  Cr.,  larva  of  Klnphidkm  sp. 
(prohal^ly  tectum  Lec),  Scyphopkorus  yucca!  Jlorn  and  Yuccahoru$  fronta/ig  Lec. 
J>r.  Horn  nienlions  ItkigopaiH  c.JlfracUi  as  feeding  on  Yn(;ca  (I'roc.  Am.  I'liil.  Soc. 
XV.  p.. '57;  but  the  particular  part  of  the  jdant  is  not  given.  J>ki'I1)01"I'KKA.  Living 
in  Ihi;  Ib-sli  of  ihc  fruit:  an  iinljred  'I'ortiicid  larva  and  exceptionally,  the  larva  of 
I'rodojcuH  ili'dpieus  Uiley.  Feeding  on  tlie  setids :  Inrvn  of  /'rouiiha  yiiccasella  llilcy 
and  prehMuiably  of  /'.  maculata  Uiley.  Living  in  tin;  fresli  flower-stems:  larva  of 
ProdoxuH  dccipiem  Kiley  ami  presumably  ol'  /'.  into.rmcdiua  Itiiey,  /'.  marginatus 
Ilil(!y,  /'.  rAmr<'.UH  Uiley,  /'.  mucDccnH  MWvy.  Itoring  in  tiie  root  and  the  loot-stem  : 
Megatliymu»  yucan  IJoisd.  and  the  variety  coloradaiiBin  Hiley  and  presumably  M.cofanui 
Stnfck<;r.  Mr.  V. '1'.  Cliamhers  unMitions  that  lldlcoccra  gigaidclla  wa'auk  on  Ywvvii'm 
Colorailo,  IlKTKKori  KKA.  riincturing  and  HUcUing  th(!  Iruit :  Ijygus  I'ohinla;  \]\\\qv, 
OrfhofyliiH  lUHcoidaliH  IJhler,  Cyllocorix  scutcllatuH  Uliler  atnl  Thcoguin  y / 1( >pu s  VUlar 
(nlhirinr/nit  Say). 

i"  Am.  Nat.,  Oct.  mn. 
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aloifoUa  in  which  species  the  stamens  reacli  nearly  to  the  stigma, 
and  in  which,  were  it  not  for  their  recurved  ends,  some  of  the 
pollen  might  fall  on  the  papillose  apex  of  the  stigma  while  the 
flower  hangs  or  droops. 

It  is  so  very  plain  from  the  above  quotations  that,  while  I  have 
held  and  still  maintain  that  it  is  the  rule  for  our  Yuccas  to  be  pol- 
linized  by  Pronuba,  I  have  nevertheless  admitted  that  the  rule  is 
not  without  exceptions.  The  rarit}''  of  yucca-fructification  in 
those  parts  of  America  or  in  other  countries  where  the  plants  are 
not  indigenous  and  Pronuha  may  be  presumed  not  to  occur  ;  the 
uniform  failure  to  fructify  whenever  the  moth  has  been  excluded 
from  the  flowers  both  in  my  own  experiments  and  those  of  Mr. 
J.  M.  Milligan^^  and  of  Mr.  Meehan  ;  and  the  non-fructification, 
even  where  the  moth  exists,  of  those  species  which  bloom  either 


^  b  c  d 

Fig.  5.— Young  fruit  of  Yucca  fllainentosa,  showing  {a)  a  deformed  pistil  and  (6,  c,  d) 
varying  lengths  of  the  stamens. 

before  or  after  she  appears — all  serve  to  emphasize  the  rule,  and 
the  few  exceptions  confirm  it  all  the  more  markedly  that  (as  Mr. 
Meehan  has  shown  us)  the  plant  is  so  easil}^  fructified  whenever 
the  pollen  is  brought  to  the  stigma  or  even  to  the  papillose  apex 
thereof.12  It  would  be  wonderful  indeed,  if  the  plant  were  not 
fructified  occasionall}^  in  some  one  of  the  exceptional  modes  here 
indicated  and  more  particularly  b}^  some  of  the  pollen-feeders  like 
Chauliognathus. 

II  ^TO.  Nat.,  VIII,  p.  749  (1874). 

'2 1  do  not  doubt  the  correctness  of  Mr.  Meehan's  observations;  yet  it  is  rather 
singular  that  the  only  otlier  reconled  experiments  of  the  same  kind  made  in  this 
country,  viz.,  those  of  Sir.  Milligan  (see  the  paper  above  cited)  should  give  quite  different 
results  from  those  obtained  by  Mr.  Meehan.  Mr.  Milligan  says  :  "  In  tlie  three  experi- 
ments where  pollen  was  used,  the  pollen  was  placed  as  nearly  as  possible  in  the  same 
position  in  each  flower,  viz.,  just  at  tlie  entrance  of  the  stigmatic  tube;  the  result 
confirms  the  view  taken  by  Dr.  Engeimann  in  relation  to  the  difficulty  of  this  flower 
being  pollinized  by  other  natural  agencies  than  that  afforded  by  the  Yucca  moth."  lu 
two  instances  I  have  tried  to  fructify  Yucca  aloifoHa  artificially  wiUiout  avail. 
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The  clmnces  that  Pronuha  may  occur  in  some  parts  of  the  world 
where  it  had  not  before  existed  have  also  increased  by  mv  having, 
during  the  j^ears  1873  and  1874,  sent  to  correspondents  a  number 
of  larvae  in  their  cocoons  with  the  request  that  they  be  buried 
in  the  ground  near  Yuccas.  Of  those  thus  sent  were  100  to 
Mr.  Meade  Woodson,  Kansas  City,  Mo.  ;  150  to  Dr.  Asa  Gra3% 
Cambridge,  Mass.  ;  100  to  Professor  J.  E.  Planchon,  Montpellier, 
France  ;  250  to  Hermann  Mil  Her,  Lippstadt,  Germany  ;  100  to 
Chas.  Darwin,  Down,  near  London,  Eng.  ;  and  50  to  II.  T. 
Stainton,  Mountsfield,  near  London,  Eng. 


Fig.  0.— Flower  of  Yuc('a  aloil'olia  fully  opcnod. 


3.  Tiie  ac(.Mna(;y  of  my  observations  has  been  cabed  in  ques- 
tion, and  notal)ly  by  ]\L-.  Jacol)  Jjoll  '-'^  of  Dallas,  Texas,  who 
made  some  himself  which  seemed  to  conHict  with  mine;''* 
wiiile  nnicli  doubt  was  thrown  upon  the  utility  of  Provnha  to  the 
plant  by  (MMtaiii  slat(;ments  mnd(!  in  ;i  i);ip("r  icnd  l)y  Mv.  Median 
at  tiie  last  meeting  of  this  Association.'''    As  I  liavc;  elsewhere 

>■'  I)('c<;;iKcd  Hincc  tliiH  wiih  \vriU.('ii. 

i<  SU'tliiU'.r  Knt<>m<>:<>(/iH<'h<'  Xtiiuvf/,  1870,  p)).  401-.^). 

'^Mr.  ,M<;chiiii'rt  paper  "  (>n  Um  IV-rtilizalion  ol"  Vticca"  is  not  piihllslied  in  the 
I'ror,<!<'«lingH,  but  whh  prlnKul  in  (In;  Aorfli  Atneric.an  KiitouiolagUt  lor  November  Jk70 
(vol.  L  p.  It  iH  an  altcni|»t  t(»  rebut  tiie,  (-videnrc  exlHtiuK  aH  to  tin;  beiuilltH  derived 
by  jdantH  aw  Hpecieh  Ironi  croMM-leililization,  Yucca  being  UHed  as  an  illustration.  Tlio 
author  htrcHH  on  the  HupjxiHcil  rarity  of  Uu;  M'X-A  im,  of  Yuec  t  in  Coioi  ado  and  Utah. 
\  huy  Hiii)]>(/H<'.il\n-A'A\\\iHi  my  own  experieiic;  with  Yucca  in  Colo.  Jido  (duiing  tiiico 


BY  C.  V.  RILEY. 


629 


replied  to  ISIr.  Boll's  strictures, and  have  more  recently  con- 
sidered Mr.  Meelian's  statements  in  an  article  in  the  American 

different  yenrs),  as  well  as  that  of  others,  is  in  direct  conflict  with  it  and  shows  that  the 
seeds  are  very  generally  fonnd  wherever  a  flower-stalk  has  been  thrown  np  and  it  has 
not  been  ))rematurely  browsed  by  cattle  or  cnt  by  man.  Mr.  Mechan's  statements  of 
facts  in  this  matter  of  insect  fertilization  have  frequently  greatly  differed  from  those  of 
others  and  led  him  to  views  in  opposition  to  those  generally  accepted.  Tn  some 
instances  they  are  pure  misstatements  or  misappreliensions,  as  in  the  famous  one 
made  before  the  Association  in  1876,  viz. :  that  bees  and  insect  fertilizers  of  flowers  were 
rare  in  the  Rocky  Mountain  region  where  briglit  flowers  abound  ("On  self-fertilization 
and  cross-fertilization  of  flowers  "  Penn.  Monthly,  1876,  vol.  7,  p.  8.34).  It  was  my 
privilege  in  answer  to  tliis  statement  to  show  tiiat  the  insect  fauna  of  that  region  was 
peculiarly  rich  in  pollinizers  whether  among  Hymenoptera,  Lepidoptera,  Coleoptera, 
or  Diptera,  and  the  experience  of  extensive  collectors  in  that  region,  and  of  Messrs.  J. 
D.  Pntnam,  E.  A.  Schwarz  and  H.  K.  Morrison  more  particularly,  has  fully  corrobo- 
rated this  vicAv.  Dr.  LeConte's  published  papers  (Coleoptera  of  the  Alpine  Rocky 
Mountain  region  ;  Hayden'<*  Bull.  U.  S.  Geol.  and  Geog.  Surv.,  IV,  p.  447,  and  V,  p.  499), 
also  confirm  it.  I  am  not  aware,  however,  that  Mr.  Meehan  has  admitted  the  error 
whether  in  the  misstatement  or  the  conclusions  drawn  tlierelrom.  I  feel,  therefore,  that 
it  is  desirable  to  point  out  the  erroneous  statements  in  the  article  "  On  the  Fertilization 
of  Yucca"  to  facilitate  the  doing  of  which  I  quote  from  it  the  following  passages  : 

[1]  "  It  may  be  remembered  th.it  at  our  meeting  at  Buffalo  I  produced  three  capsules 
that  had  not  been  produced  by  this  elaborate  process,  but  simply  by  mere  touching 
of  the  papillose  apex  with  one  of  the  flower's  own  polliniferous  anthers.  Professor 
Riley  was  so  sure  tiiat  the  seed-vessels  could  not  have  been  ]n-oduced  in  that  way,  thac 
there  must  have  been  some  insect  agency  unknown  to  me  in  addition  to  my  work,  that 
at  the  conclusion  of  my  paper  he  asked"  permission  to  cut  o])en  the  ca))sules,  sure  of 
being  able  to  sliow  tlie'larvaj  in  the  I'ruit;  but  lie  found  them  not.  I  recall  these  matters 
to  show  that  1  have  not  misapprehended  the  position  our  friends  take  on  this  question." 

There  is,  notwithstanding,  both  grave  misstatement  and  misapprehension.  Having 
known  a  few  pods  to  develop  from  the  last  and  tojimost  flowers  of  Y.  angustifoUa  at 
St.  Louis  with  evidence  that  Pronvha  was  the  fertilizer  (see  Trans.  Ac.  Sc.  St.  Louis, 
III,  p.  570),  I  stated  the  fact  and  made  the  point  that  the  pods  which  Mr.  Meehan  exhib- 
ited might  after  all  have  been  fertilized  by  Pronuha  and  that  I  should  not  be  surprised 
to  find  its  larviE  within  tliem.  It  never  entered  mj^  mind  to  be  sure"  that  the  flower 
could  not  be  pollinized  through  human  instrumentality,  or  to  be  "  sure"  of  finding  the 
larvae  in  the  pods,  and  the  misconstruction  of  tlie  remarks  is  quite  unjustifiable. 

[2]  "  At  the  conclusion  of  this  address,  delivered  at  the  Saratoga  meeting  of  the 
American  Association,  Pi  ofessor  C.  V.  Riley  made  some  remarks  whicli  unfortunately 
1  did  not  hear.  The  newspaper  reports  make  him  say  thai  I  was  mistaken  in  the  insect 
I  found  in  Yucca  avgustifolia,  that  it  was  not  P'romiha  yuccasella.  I  have  called 
Professor  Riley's  attention  to  this  and  have  asked  for  a  correct  note  of  what  he  did 
say.  but  have  only  the  reply  that  he  is 'not  answerable  for  a  newspaper  report.'  It 
remains  then  only  for  me  to  say  in  reply  to  the  "  newspaper  report "  that  at  the  outset 
of  my  observations  on  Yucca  angustifolia,  I  sent  one  of  tlie  insects  caught  to  Professor 
Riley  asking:  'Is  this  certainly  Pronuha  yuccasella! '  and  he  replied  that  it  was." 

It  remains  only  for  me  to  remark  on  the  above  that  I  was  never  guilty  of  the  dis- 
courtesy to  my  friend  implied  in  the  first  quotation  from  my  correspondence,  but  that 
in  stating  that  I  could  not  be  answerable  for  newspaper  rei)orts  wiiich  I  had  not  seen, 
I  also  expressed  my  willingness,  in  order  to  avoul  misapprehension,  to  write  out  my 
criticism  of  the  i)aper  if  the  author  would  send  me  the  MS.  In  reference  to  my 
determination  as  Pronuha  yuccasella  of  a  specimen  sent  me  by  Mr.  Meehan,  it  was  not 
pi-eserved  because  pressed  and  spoiled  in  the  letter,  so  that  I  cannot  now  verify  my 
determination.  Prodoxus  decipiens  being  unknown  to  me  then,  my  determination  may 
have  been  erroneous,  or  there  may  have  been  some  error  in  the  fact  stated  by  my 
correspondent  which,  in  this  instance,  was  not  our  author  but  his  son,  Mr.  Jos.  T. 
Meehan.  That  there  was  an  error  somewhere  is  rendered  probable  by  the  facts 
recorded  in  the  present  paper. 

»« Trans.  Ac.  Sc.  St.  Louis,  III,  p.  571;  Stettiner  Ent.  Zeitung,  1878,  p.  377. 
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Entomologist  for  June  last  (vol.  Ill,  p.  142)  entitled  "  The  true 
and  the  Bogus  Yucca  Moth,"  it  suffices  here  to  state  that  the 
strictures  and  statements  of  both  gentlemen  resulted  from  mistaken 
identit}^  and  that  the  conflicting  experiences  are  explained  by  the 
existence  of  a  moth  which  I  have  named  Prodoxus  decipiens  and 
which,  while  bearing  a  very  deceptive  general  resemblance  to 
Pronuha  yuccasella,  yet  differs  essentially  in  structure  and  habit. 

Prodoxus  decipiens^'^  was  first  announced  by  me  before  the 
Entomological  Club  of  the  Association  at  its  Saratoga  (1879) 


Fig.  7.— Pkodoxus  dicipiens:    Inrva;    head  from  above;  c-.  rZ,  left  jaw  and  antenna; 

€,  pupa;  /.  iiiCested  stem  cut  o\)(tn  to  .sliow  the  burrows,  castings,  cocoons 
and  pui)a  sliell  (h)  —  i\U  enlarged  but /,  the  liair  line  between  a  and  e  showing 
natural  length. 

meeting.  It  l)i('(!(Is  citlier  in  Wui  flovvor-st(;in  or  in  the  flesh  of  the 
fruit  of  diflcieiit  sjx'cieH  of  Yucca  and  is  common  through  the 
SoiitiicrM  states,  botii  on  Yucca  aloifolia,  Y.  rupicola  and  Y. 
fjlorioHd.  In  the  West  it  is  found  on  Y.  august ifolia,  vvliih;  at 
Waslniiglon  I  have  found  it  not  uncommon  on  the  different  (;uiti- 
vated  forms  of  Y.  Ji/amciUosa,  It  also  occurs  ai'ound  Philad(;li)iiia 
and  ii.'is  br;(;n  bred  hy  Di".  II.  A.  II;i;j,('n  Jind  by  myself  from  larvje 

America n.  h'ntomolof/iHL  III,  pp.  lO.'!  jind  IH2, 
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infesting  the  flower-stems  of  Y.  Jilamentosa  grown  in  Mr.  Meelian's 
grounds,  thus  furnishing  strong  presumptive  evidence  that  the 
moths  which  Mr.  Meehan  assumed  to  be  Pronuba  yuccasella, 
and  which  he  found  upon  F.  angustifolia  long  before  the  flowers 
of  Y.  Jilamentosa  had  opened,  were  in  reality  the  Prodoxus  or 
Bogus  Yucca  Moth,  as  I  surmised  would  be  the  case  in  my 
comments  upon  his  paper  at  the  meeting  of  the  Association  a  year 
ago.  Its  occurrence  there  weakens  the  inference  which  Mr. 
Meehan  drew  in  his  paper  that,  because  Pronuba  did  not  pollinize 
Y.  angustifolia^  ihevQfovQ  it  did  not  pollinize  Y.  Jilamentosa  and 
entirely  nullifies  the  conclusions  in  the  following  paragraph  from 
that  paper  in  which,  moreover,  as  in  the  affirmation  (without  a 


Fig.  8.— Genital  characters  of  Prodoxus  decipiens:  a,  tip  of  ^  abdomen  I'endered 
somewhat  transparent;  h,  basal  joint  of  ovipositor;  c,  its  sculpture;  d, 
terminal  joint  of  same;  its  tip  more  enlarged;  /,  genitalia  of  cf  from  side; 
g,  do.  from  above;  h.  egg. 

particle  of  proof)  that  the  moth  feeds  on  other  flowers,  there  are 

some  very  unscientific  statements. 

Pronuba  ynccasella,  the  Yucca  Moth,  has  for  years  abounded  on  my 
flowers  of  the  Yucca  filamentosa.  It  has  not  been  known  lo  visit  any  other 
plant  than  Yucca.  Yucca  angustifolia  bej^ins  to  flower  from  three  to  two 
weeks  and  its  blossoming-  is  all  over  before  Yucca  jilamentosa  begins  to 
open.  The  facts  now  adduced  sliow  that  the  moths  exist  weeks  before 
the  flowers  bloom  with  which  they  have  been  so  intimately  connected, 
feeding  of  course  on  otiier  flowers,  and  would  perhaps  make  use  of  other 
fruits  as  depositaries  for  their  eggs  ii  Yucca  should  not  exist.  At  any  rate 
the  facts  weaken  any  l)elief  we  may  have  that  tlie  Yucca  and  Yucca  Moth, 
througli  the  long  ages,  have  become  mutually  adapted  to  each  other 
through  a  fancied  mutual  benefit. 

The  accompanying  figures  will  sufficiently  indicate  the  structural 
peculiarities  of  Prodoxus  decipiens  and  how  markedly  it  differs 
from  Pronuba  yuccasella  in  the  larva  (fig.  7,  a)  having  no  legs 
(lacking  even  the  thoracic  legs  which  belong  to  the  latter)  ; 
in  the  pupa  (e),  among  other  differences,  lacking  the  series  of 
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dorsal  spade-like  projections  ;  in  the  form  of  the  claspers  in  the 
male  moth  (fig.  8,/,  g)  ;  in  the  much  stouter  and  differently  shaped 
ovipositor  of  the  female  (fig.  8,  b,  cl)  ;  and  especially  in  her  lacking 
the  maxillary  tentacles.  Oviposition  has 
not  yet  been  observed,  but  stems  that  have 
been  badly  infested  are  usually  covered 
with  small  elongate-oval  scars  or  swellings 
with  a  depression  along  the  middle  as  at 
fig.  9,  a.  These  are  undoubtedly  the  scars 
of  the  wounds  made  by  the  ovipositor, 
though  comparatively  few  of  them  show 
evidence  of  having  led  to  an  egg  or  a  larva. 
I  cannot  better  set  forth  the  differences  in 
the  two  insects,  whether  in  structure  or  in 
habit  than  by  quoting  the  concluding  por- 
tion of  the  article  in  the  American  Ento- 
mologist above  alluded  to : 

"  The  larva  of  Frodoxits  never  quits  the 
stem  in  which  it  lives.  It  eats  compara- 
tively little,  packing  its  pale,  bulf-colored 
excrements  very  tightly  in  its  burrow,  and 
spinning  as  winter  approaches  a  neat  cocoon 
of  white  silk  covered  on  the  outside  with 
its  castings  [fig.  7,/].  Prior  to  forming 
its  cocoon,  a  passage  way  is  always  made 
to  the  outside  of  the  stem,  leaving  but  a 
very  thin  covering  [fig.  7,  In  issuing, 
the  chrysalis  pushes  half  way  out,  very 
much  as  is  the  case  with  all  other  Lepi- 
dopterous  endophytes  [fig.  7,  h;  fig.  8, 

*  *  *  "  Who,  studying  those  two  si)e- 
cies  in  all  their  characters  and  bearing, 
cau  fail  to  conclude  that,  notwithstanding 
the  essential  diU'creiices  that  distinguish 
them  not  ouly  spcicifically  ))ut  genoricnlly, 
they  are  derivjitious  from  one  and  the 
sauH;  an(;(!stial  form?  Promiha^  depend- 
on  tl>e  j)oHi nation  of  fiowcr,  is  pro- 
fcujale  H(;x  in  Jidaptation  to  the  peculiar 
J'rodoxuH^  dwelling  iu  the  flesh  of  the 


Yuc-r. 


-Flower  Hteio  of 
Hh(;\vin^  Hcai-H 
m.'nle  by  f«;iii.'ile  I'rodoxiiH 
decipiens  in  ovipoHitiiix 
(a,  a )  aiiil  pupal  uxuvia 
protni»linj<  ( b,  b,  b, ). 


ing  for  its  existence  c 
fouiidly  MK^dilicd  in  tlie 
fuiiclion  of  p(jHiiiuliou. 
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fruit  or  in  the  flower-stem,  and  not  depending  upon  the  fructifi- 
cation of  the  plant,  is  not  so  modified,  but  lias  the  ordinary  charac- 
ters of  the  family  in  both  sexes.  In  the  former,  the  larva  quits 
the  capsules  and  burrows  in  the  ground  :  it  has  legs  to  aid  it  in  its 
work,  while  the  chrysalis  is  likewise  beautifully  modified  to  adapt 
it  to  prying  through  the  ground  and  mounting  to  the  surface.  The 
latter,  on  the  contrar}^  never  quitting  the  stem,  has  no  legs  in  the 
larva  state,  and  in  the  cluysalis  state  is  more  particularly  adapted, 
by  the  prominence  of  the  capital  projection,  to  piercing  the  slight 
covering  of  the  stem  left  nuguawed  by  the  larva.  The  former  is 
ver}^  regular  in  its  appearance  as  a  moth  at  the  time  of  the  flower- 
ing of  Yucca  Jilamentosa ,  a  fact  which  would  indicate  that  it  was 
modified  while  liviug  upon  that  species  and  had  a  range  coextensive 
with  it  and  other  species  blooming  simultaneously.  The  latter 
appears  earlier,  as  the  food  of  its  larva  is  earlier  readN^  AVhich 
of  the  two  insects  is  the  older  in  time,  or  whether  the  divergence 
from  some  archet3'pal  form  has  been  simultaneous,  is  a  matter  of 
opinion  which  those  interested  in  evolution  will  decide  for  them- 
selves one  wa}'  or  the  other,  or  according  as  knowledge  increases. 
That  other  species  of  both  these  genera  will  3'et  be  discovered, 
there  can  be  but  little  doubt." 

Since  the  preceding  quotation  was  written  I  have  detected  a 
species  of  Prodoxus  which  is  still  more  closely  related  to  Pronuha 
yuccasella,  and  have  obtained  another  spe(nes  of  Pronuha  and 
several  of  P/'OcZoa;z«s,  collected  upon  Yucca  (species  unknown)  at 
Caliente,  Kern  Co.,  Cal.,  by  Mr.  H.  K.  Morrison.  The  insects 
seem  to  be  not  uncommon  there,  but  Mr.  Morrison  searched  in 
vain  for  other  species. 

Pkonuba  maculata  11.  sp.— Expanse,  $  21.5  mm;  $  17.8mm.  Head 
white,  eyes  black,  mouth  parts  yellowit-h  but  very  sparsely  clothed  with 
white  scales;  antennae  yellowish,  the  tips  fuscous,  sparsely  clothed  with 
scales  on  the  basal  half  only;  maxillary  tentacle  (fig.  10,  mt)  yellowish, 
the  base  green,  large,  more  swollen  and  with  the  notch  or  elbow  near  the 
base  more  distinct  than  in  ?/?<ccaseZ;a  ;  maxillae  bristly  (in  yuccasella  they 
are  nearly  smooth).  Thorax  white  :  primaries  (fig.  10,  x>r)  with  the  upper 
surface  opaque  white,  bordered  with  from  10-12  black  spots  (when  all 
are  present)  of  varying  size  and  running  from  just  beyond  the  middle  of 
the  wing  to  about  the  inner  angle;  the  disk  with  5  spots,  4  of  them  in  a 
line  from  base  to  apex,  the  2d  and  3d  rather  farthest  apart,  the  5th,  or 
middle  one,  below  and  nearest  the  3d  from  the  base;  under  surface  deep 
fuscous,  intensified  around  the  borders  and  with  the  spots  of  upper 
surface  barely  indicated ;  fringes  white :  secondaries  transparent,  being 
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very  slightly  covered  with  elongate  fuscous  scales,  thickening  on  the 
borders,  especially  toward  apex ;  fringes  faintly  fuscous :  legs  white, 
tarsi  very  sparsely  clothed  and  yellowish  except  at  extreme  tips  which 
are  more  fuscous.  Abdomen  white  beneath,  fuscous  above.  Integument 
of  head  yellowish,  of  thorax  and  coxae  black  or  blackish.  Terminal 
abdominal  joint  in  $  short  and  thick,  obliquely  truncate  from  beneath 
(fig.  10,  a)  bare,  honey-yellow  with  its  base  black;  ovipositor  stout, 
decurved,  the  terminal,  horny  joint  (fig.  10,  tj  o)  broad  and  rounded  at 
the  tip  and  its  edge  finely  denticulate.  Claspers  of  ^  sho:t  and  abruptly 
curved  upward  as  in  yuccasella,  but  armed  with  only  one  tooth  and  this 
tooth  greatly  lengthened  and  preceded  by  a  deep  excavation  (fig.  10,  c). 


Fig.  10.— Pjionuiu  maculata  :  a,t\\}  of  female  abdomen;  hjo,  basal  joint  of  ovi- 
l)Ositor;  tjo,  teiiuinal  joint  do.;  ow,  oviduct;  m,  maxilla;  mp,  max.  jmlpi ; 
vit,  maxillary  tentacle;  c,  clasper  of  nude  from  si<le;  pr,  front-wing  showing 
arrangement  of  8pot  — hair  hne  showing  nat.  size. 

Examination  of  the  venation  in  one  male  shows  that  marginal  veins  7 
and  8  arise  from  the  transverse  vein  independently  of  the  discal  branch  of 
the  subcostal  vein  and  that  the  ni)|)('r  fork  of  the  independent  discal 
veinlet  is  wanting. 

In  one  of  the  male  specimens  only  4  of  the  spots  on  the  l)or(l(;r  of  the 
primaries  are  present,  and  in  this  specimen  as  well  as  in  one  other  male 
and  one  female,  the  second  discal  spot  is  aljsent. 

iJcscribed  from  2  H ,  collected   in  California  ))y  Mr.  II.  K. 

Morrlsfjri. 

Ea.sily  distinguished  from  J',  ynccascl/a  by  the  smaller  size,  the  spots 
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on  primaries,  the  broader  maxillary  tentacles  and  shorter,  blunter 
ovipositor;  and  by  the  male  claspers  being  deeply  excavated  before  the 
tooth  which  is  greatly  elongated. 

Pkodoxus  ixtkrmedius  n.  sp.  $. — Expanse  28.5  mm.  Coloration  as  in 
Pronuha  yuccasella  and  immaculate  specimens  of  Prodoxus  decipieus. 
Basal  joint  of  the  maxillary  palpi  not 
provided  with  a  tentacle,  but  having 
a  slight  tubercle  at  the  tip.  Apical 
joint  of  the  abdomen  (fig.  11,  a) 
shaped  as  in  Pronuha  yuccasella,  but 
slightly  deeper  and  possibly  a  little 
thicker.  Ovipositor  (fig.  11)  shaped 
as  in  Pronuha  yuccasella,  but  slightly 
stouter,  more  acuminate  at  tip  and 
with  the  serrations  of  membrane 
finer  and  more  numerous.  The  sculp- 
ture of  basal  joint  shows  like  very 
fine  punctations  in  regular  rows. 

Described  from  2  $  $  from  Texas 
(Boll),  and  1  ?  from  Ute  Pass,  Col., 
July  18,  1877  (Riley). 

In  the  specimen  from  Ute  Pass  there  is  a  short  rounded  process  just 
before  the  apex  of  the  abdomen  on  the  under  side.  As  this,  together 
with  the  space  just  above  it,  is  very  thin  I  consider  it  to  be  the  result  of 
some  injury,  such  as  a  pinch  of  the  forceps,  which  the  specimen  may  have 

suffered  while  fresh.  (This  flat- 
tened portion  is  indicated  by  a 
dotted  line  in  the  figure.) 

PnODOXUS  MARGINATUS  n.  Sp.  — 

Expanse  10  mm.  Color  white,  the 
clothing  of  body  very  sparse,  es- 
pecially on  the  abdomen,  and 
showing  more  or  less  distinctly 
the  integument  which  is  dark 
brown  often  with  an  aeneous  tinge. 
Antennae  bare  towards  tip  and 
yellowish.  Primaries  (fig.  12,  pr) 
satiny  white  with  a  terminal  black 
band  of  varying  width  ;  under  sur- 
face fuscous,  almost  black  on  cos- 
tal and  posterior  borders  ;  fringes 
white.  Secondaries  white  with  a  broad  costal  and  apical  fuscous  shade ; 
under  surface  concolorous ;  fringes  white.  Apical  abdominal  joint  of  $ 
blackish,  slender,  very  obliquely  truncate  above,  the  tip  blunt-pointed 
(fig.  12,  a).  Ovipositor  short  and  stout;  the  horny  terminal  joint  gradually 
narrowed  to  the  pointed  tip,  the  upper  edge  very  finely  and  acutely 


Fig.  11.  — Prodoxus  intermedius: 
a,  anal  abd.  joint  of  female;  hjo,  basal 
jt.  ovipositor;  s,  its  sculpture;  tjo,  ter- 
minal jt.  do.;  ov,  oviduct. 


Fig.  12.  — Prodoxus  marginatus:  a, 
anal  abd.  jt.  of  female;  hj  o,  basal  jt.  ovi- 
positor; fjo,  terminal  jt.  do.;  ov,  oviduct; 
c,  claspers  of  male  from  above;  pr,  front 
wing  — hair-line  showing  nat.  size. 
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serrate  (fig.  12,  tjo).  Claspers  of  J  (fig.  12,  c)  not  dentate,  their  form 
much  concealed  by  scales,  the  large  arms  broad  and  of  nearly  uniform 
width;  large  upper  basal  piece  obtusely  angulated  in  the  middle. 

Described  from  3  ?  $  and  4  J  collected  in  California  by  Mr.  H.  K. 
Morrison. 

PiJODOxus  ciNERKUs  n.  sp.  ^.  —  Expanse  12  mm.  Head,  thorax,  legs 
and  apical  ventral  joints  whitish.  Primaries  ashy  ;  secondaries  and  under 

surface  of  all  the  wings  brown  with  a  cinere- 
ous reflection.  Tip  of  maxillary  palpi  and 
apical  third  of  antennae  black;  the  integ- 
ument of  body  black.  Claspers  (fig.  13,  a,  &,) 
dark  testaceous,  similar  in  form  to  those  of 
decijnens  but  without  teeth ;  large  upper 
basal  piece  broadly  rounded  or  subtrun- 
cate  ;  the  smaller  piece  beneath  it  of  similar 
shape. 

Described  from  7  ^  ^,  collected  in  California  by  Mr.  H.  K.  Morrison. 

Prodoxus  ^xescens  n.  sp. — Expanse,  $  14.7  mm.;  ^  11.2  mm. — 
14mni.  General  color  bronzy,  the  primaries  with  a  distinct  purple 
reflection.  Under  surface  of  thorax,  the  coxse  and  the  femora  clothed 
with  white  scales.  Head  whitish,  with  scattered  black  hairs;  labial 
palpi  with  black  hairs;  4th  and  5th  joints  of  maxillary  palpi  and  the 
antennae,  except  at  the  base,  black.  Integument  black.  Apical  abdominal 
joint  $  (fig.  14,  a)  swollen  as  in  P.  decipiens  and  obliquely  truncate  from 
above,  but  the  tip  is  also  truncate  from  beneath  and  the  lower  border 
is  slightly  excavated.    Ovipositor  short  and  stout,  very  broad;  the  upper 


Fig.  13.  — Prodoxus  cine- 
REUS :  male  claspers  («)  from 
above;  and  (6)  from  side. 


Fig.  H.— PRf)i)OXi;s  ^cnksckns:  a  anal  abd.  jt.  of  female  with  ovipoRitor  retracted; 

bjo,  basal  jt.  ovipositor;  tjo,  terminal  jt.  do. ;  ov,  oviduct;  c,  claspers  of 
male  from  above. 

border  of  the  horny  terminal  joint  (flg.  14,  tjo)  Miin,  arched  and  finely 
serrate,  the  tip  obliquely  truncate  beneath  and  at  the  base  of  the 
truncation  forming  a  small,  thin  tooth,  the  bas(!  })eneath  forming  a  blunt 
tootli,  the  border  between  these  teeth  refuse.  Claspers  of  $  (llg.  14,  c) 
witli  no  teeth  on  the  arms  bcmeath  ;  the;  arms  more  sicndi!!'  than  in  riii.erevs 
and  narrowed  more  abruptly  ikmu*  tli(;  base; ;  the  broad  basal  part  witii  a 
Hmall  tooth  at  the  apex  within.  Large  upper  l)Msal  pi(!ce  forming  a  stout 
process  at  the  ap(;x. 

Descrlljed  from  3  ?  ?  and  H  ^  S  collected  in  California  by  Mi'.  II.  K. 
Morrison. 


BY  C.   V.  RILEY. 


G37 


From  the  above  descriptions  it  is  evident  that  we  already  have 
represented,  in  the  few  species  so  far  known,  various  gradations 
between  the  more  typical  ovipositor  of  Pronuha  yuccasella  on  the 
one  hand  and  that  of  Prodoxns  decij)iens  on  the  other.  It  would 
also  seem  tliat  the  curious  maxillary  tentacle  possesses  simply 
generic  and  not  Family  value.  Prodoxus  intermedkis,  agreeing  so 
closel}'  with  Pronuha  in  all  respects  except  in  lacking  these 
tentacles,  shows  us  how  insects  of  different  genera  ma}^  become 
similarly  modilied  in  special  parts  by  similarity  of  function  of 
such  parts  ;  for  we  may  with  tolerable  safety  assume  that  inter- 
medlus  breeds  in  the  fruit  of  the  plant  and  probabl}'  in  the  seed 
as  does  yuccasella^  existing  largely  through  the  intervention  of 
this  last  since  it  has  itself  no  s[)ecial  means  of  pollinizing.i*^ 
The  male  of  this  species  is  not  positivel}^  known  ;  but  two  speci- 
mens taken  at  Ute  Pass,  Col.,  on  the  same  day  with  the  female, 
and  two  others  taken  at  the  Monument  Park  the  next  day,  differ 
from  the  ^  of  Pronuha  yuccasella  ou]y  in  the  somewhat  greater 
ex[)anse. 

Hitherto  rather  than  hastily  found  a  familj'  on  a  single  species 
even  where  there  are  good  structural  characters  not  covered  by 
former  characterizations  of  the  Famil}',  I  have  been  unwilling  to 
separate  Pronuha  fi'om  the  Tineid^  in  the  group  Tineina,  with 
which  familj'  it  has  most  affinities  in  its  venation  and  well  devel- 
oped maxillary  palpi.  But  with  the  addition  of  other  species  and 
another  genus  science -will  be  best  served  by  the  establishment  of 
a  distinct  family  which  I  would  call  Prouoxid.e.  The  family 
characters  will  then  be  : 

Imago  icith  the  head  rough;  lcd)kd  2^al2^i  of  moderate  size  and 
curved  upward;  maxillary  palpi  long^  elhowed,  o-jointed,  the  hascd 
joint  either  irrotraherant  or  modified  into  a  prehensile  tentacle;  anal 
joint  of  female  compressed  from  the  sides,  hare  and  horny ;  ovipos- 
itor extensile,  the  termincd  joint  horny,  in  one  piece  and  adapted  to 
pnercing  and  sawing ;  egg  very  soft,  elongcde  and  flexile;  larva 

18 The  assertion  of  Dr.  II.  A.  Hagen  in  a  recpiifc  niiml)er  of  the  Canadian  En- 
tomologist (Jiilj-,  1S80)  that  moths  whicii  he  bred  from  the  flower-stem  of  Yucca  were 
tyi)ical  s|)eciniens  of  7'ronuba  yuccasella  and  possessed  its  curious  maxillary  Den- 
tades,  miglit  strengthen  the  idea  that  these  organs  were  structures  of  dimori)hic 
value  only,  but  Dr.  Hagen  has  since  admitted  to  me  tiiat  he  was  entirely  wrong  and  that 
his  moths  were  typical  specimens  o\'  Prodoxus  decipiens.  I  need  only  record  the  fact, 
without  lui  ther  comment.  Indeed  Dr.  Hagen  has  made  some  beautiful  studies  of  the 
anatomy  of  decipiens  which  strengthen  and  emphasize  the  differences  between  the 
two  insectft. 
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either  witJiout  prolegs  or  entirely  apodous ;  clirysalis  tuith  a  strong 
capital  thorn. 

From  the  Hyponomeutid^. 
with  which  it  has  strong 
general  resemblances,  the 
family  is  at  once  distin- 
guished not  onl3^  by  the 
anal  characteristics,  but  by 
the  different  venation  and 
by  the  possession  of  max- 
illary palpi.  In  the  typical 
Hyponomeuta  the  antennae 
are  more  serrate,  the  head 
more  finely  and  closely 
scaled,  the  palpial  joints 
differently  prop o r ti o n e d, 
the  tip  of  abdomen  does  not 
extend  beyond  the  scales, 
the  front  wings  lack  the 
f  o  r  k  e  d  disco-longitudinal 


Fig.  15.— Hyponomeuta  malinella:  c,d, 
venation  of  female  fi-ont  and  hind  wings;  e, 
head  with  tongue,  hibial  palpus  and  part  of 
antenna;  /,  tip  of  abdomen. 


vein  and  the  internal  vein 
is  simple,  not  forked  at 
base.  The  hind  wing  is 
usually  notched  on  costa  and  shows  the  frenulum  in  the  9 
more  distinctly,  in  two  bristles.  The  accompanying  figures  will 
show  (fig.  15)  the  pterog- 
nostic  characters,  trophl 
and  anal  abdominal  joint 
of  a  9  //.  malinella  Zellcr, 
a  common  European  spe- 
cies feeding  on  Apple,  and 
(fig.  IG)  the  slightly  vary- 
ing venation  of  //.  multi- 
pundella  Chnn.,  one  of  our 
own  species.  'J'he  larval 
haljits  aic  also  quite  dif- 
ferent. From  the  GELECiDyi': 
the  V\{()\U)\\\)A'.  arc  rcndily 
(listinguislKMi  by  the  rougluir  hfjad  th(;  piesence  of  maxillaiy 
palpi,  the  wing  characters  and  the  larval  characters  and  habits. 


Fiu.  10.—  II vi'()N<»MKirrA  mij[/i'ii'i;nc'I'ella 
h,  venalion  <»f  fionl  and  iiiud  wiiigH. 
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^Ye  have  thus : 

Family  PRODOXIDJ^. 
Genus  Pkonuba.^^ 

P.  YUCCASELLA  Riley,  Trans.  St.  L.  Ac.  Sc.,  Ill  (1872),  p.  56. 
Tegeticida  alba^^  Zeller,  Verb.  d.  zool.-bot.  Ges.,  XXIII, 
(1873),  S.  232  (Sep.  p.  32). 

P.    MACULATA -Ml.  Sp. 

Genus  Prodoxus. 

P.  DECipiENS  Riley,  American  Entomologist.  Ill  (1880),  p.  155. 
Hyponomeuta  b-punctella^^  Chambers,  Canadian  Entomolo- 
gist, VII  (1875),  p.  7. 

Hyponomeuta  paradoxka  Chambers  (Journ.  Cincinnati  Soc. 
Nat.  Hist.,  Oct.,  1878,  p.  9. 

P.  INTERMEDIUS  11.  Sp. 
P.    MARGINATUS   11.  Sp. 

P.  ciNfiRECS  n.  sp. 

P.    ^.NESCENS  n.  Sp. 

If  This  name  seems  to  be  preoccupied  in  Coleopteva,  <is  lam  informed  by  Dr.  Geo.H. 
Horn  that  it  is  nsed  by  Thomson  in  his  Classification  of  the  Longicorns,  1860,  p.  241. 
In  this  event  Zeiler's  Tegeticula  will  tal<e  precedence. 

20  Zeller  described  from  the  cf  only,  but  I  have  examined  his  type  in  the  Cambridge 
Museum  of  Comp.  Zool.  and  verified  the  fact  that  it  is  P.  yuccasella  and  not  Pro- 
doxus  decijdens. 

21  This  is  quite  different  from  the  supposed  spotted  specimens  of  Pronuha  yuccasella 
which  Mr.  Chambers  found  in  Colorado  (See  American  Entomologist  III,  p.  143),  all  of 
which  that  are  in  existence  and  which  I  have  carefully  examined  being  spotted  forms 
of  Prodoxus  decij)iens.  The  maculation  in  these  last,  though  vai'iable,  is  on  a  different 
pattern. 

22  A  recent  reexamination  of  the  type  in  the  Cambridge  Mus.  of  Comp.  Zool.  leaves 
no  question  as  to  this  being  a  5-spotted  form  of  Prodoxus  decipiens.  The  figures,  given 
in  the  Journal  of  the  Cincinnati  Soc.  Nat.  Hist.,  are  somewhat  inaccurate  in  t>etail 
and  are  turned  completely  a:  ound,  so  that  Avhat  is  given  as  the  costa  is  the  inner  bor- 
der. I  M'ould  retain  my  own  name  for  the  immaculate  foi  m  and  relegate  dpunctella 
as  a  variety  name  to  the  5-punctate  form  which  seems  to  most  prevail  in  parts  of 
Texas. 
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Additional  Notes  on  the  Army  Worm  (Leucania  unijntncta). 
By  C.  V.  Riley,  of  Washington,  D.  C. 

[abstract.] 

It  was  my  privilege  to  lay  before  3'on  in  a  paper  published  in 
our  Proceedings  for  1876  (Sec.  B,  p.  279)  certain  facts  regarding 
the  Army  Worm  up  to  that  time  unrecorded.  The  widespread 
appearance  of  the  worm  the  present  year  has  enabled  me  to  revise 
some  of  the  views  then  entertained  and  derived  from  the  facts 
then  at  hand. 

Number  of  annual  Generations. — ^^Experiments  at  St.  Louis 
showed  conclusively  that  there  were  always  two  and  sometimes 
three  generations  in  that  latitude.  Subsequent  experience  leads 
ine  to  believe  that  there  may  be  one  more  there  and  that  farther  • 
south  there  is  a  succession  of  generations  with  scarcely  any  in- 
termission during  mild  winters.  The  prevailing  impression  has 
been  that  there  is  but  one  annual  brood  in  the  more  northern 
States.  This  impression  has  resulted,  doubtless,  from  the  worms 
appearing  in  vast  numbers  once  a  year  or  about  the  time  that 
wheat  is  ripening.  The  truth,  iiovvever,  seems  to  be  that  even  in 
New  England  there  is  at  least  one  other  generation  of  worms, 
usually  unnoticed  and  more  slowly  developing  and  existing  during 
the  autumn,  winter  and  early  spring  months. 

Hibernation. —  In  my  previous  paper  proof  was  given  of  hiber- 
nation in  the  moth  or  imago  state,  and  the  possibility  of  the  spe- 
cies hibernating  in  any  of  the  three  states  of  egg,  larva  and 
chrysalis  was  admitted.  During  the  past  year  accunuilati ve  evi- 
dence of  the  hibernation  of  the  moth,  es[)ecially  towards  the 
South,  has  b(!en  obtained,  it  being  one  of  the  commonest  hibernat- 
ing motiis  wiiich  J  have  found  in  tiie  Southern  States.  Tiie  fact  of 
hib(;rnation  in  the  larva  state  has  jdso  now  l)een  established,  both 
l)y  the  oceuiTcnce  oi'  a.  partly  grown  lar\a,  in  1h(;  stoniacli  of  a 
lihie-bii'd  taUcn  at  Normal,  III.,  by  I'l'of.  S.  A.  Korlx's  as  early  as 
]Mar(;li  19,  or  before;  v(;g(;tation  could  have;  fairly  started,'  and 
fi'om  its  having  been  r('c;('i\'ed  at  the  Department  of  Agriculture 
from  Soutii  Carolina  and  T('nn(!ss(!(!  during  tin;  months  of  Decem- 
January  and  F(?bruai  y  of  tin!  past  mild  wint(!r,  with  accounts 

'Thin  |;iiva  wjiH  iflciitilltnl  l<y  iny^fU' ami  Uioic  can  Ijc  no  qiicslion  ae  to  its  proper 
flcttiiiiiinatioii. 
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of  injury  done  by  it.  That  larval  hibernation  is  far  more  gen- 
eral than  has  hitherto  been  supposed,  even  in  the  more  northern 
States,  is  rendered  probable  by  the  lateness  of  the  season  at  which 
the  worms  have  been  found.  It  is  now,  therefore,  an  established 
fact  that  the  species  does  hibernate  both  as  larva  and  as  moth,  with, 
strong  circumstantial  evidence  that  it  also  hibernates,  particularly 
northward,  as  a  chrysalis  ;  but  we  have  no  evidence  that  it  can 
hibernate  in  the  egg.  The  fact  of  larval  hibernation  at  once  ex- 
plains why  the  burning  over  of  meadows  in  winter  time  is  bene- 
ficial as  a  preventive,  and  it  was  upon  the  result  of  such  burning 
that  we  heretofore  depended  for  the  theory  of  hibernation  in  the 
egg  state. 

All  the  facts  at  command  seem  to  indicate  that  the  hibernating 
individuals,  whether  worms  or  moths,  are  never  numerous  enough 
to  attract  especial  attention,  and  that  it  is  the  brood  generated 
from  moths  that  have  either  themselves  hibernated  or  are  devel- 
oped from  worms  that  have,  which  is  destructive. 

Immigration  versus  local  Increase. —  It  is  evident  also  from 
what  has  preceded  that  we  may  have  excessive  injury  either 
as  the  resultant  of  natural  local  increase,  or  of  the  sudden  appear- 
ance of  the  moths  fl3'ing  in  great  numbers  from  other  localities 
and  concentrating  in  particular  fields.  This  will  account  for  the 
variation  in  the  time  when  the  injur}'  is  done,  as  it  is  well  known 
that  the  worms  appeared  at  "Deer  Range  farm,"  at  Islip,  L.  L,  the 
latter  part  of  May  of  this  year,  or  three  wrecks  earlier  than  in  other 
parts  of  the  island,  that  farm  being  on  a  neck  of  land  extending 
into  Great  South  Bay  to  which  the  moths  could  have  flown  from 
farther  south  on  the  New  Jersey  or  Delaware  coast  where  the 
worms  were  known  to  have  been  destructive. 

W/iy  icet  wild  Grasses  seem  to  harbor  the  Worms. — That  low,, 
swampy,  wild  grass  lands  are  the  favorite  resort  of  this  insect,  as 
Dr.  Fitch  assumed,  is  now  rendered  very  doubtful.  Old  neglected 
fields,  whatever  their  elevation  or  location,  have  proved  to  be 
natural  breeding  places,  and  if  the  worms  more  often  appear  in 
low  lands  or  the  neighborhood  of  such,  the  fact  doubtless  finds, 
as  I  have  elsewhere  stated,  more  correct  explanation,  first,  in  the 
highly  probable  fact  that  the  parent  moth  gets  more  appropriate 
food  at  such  places,  either  in  saccharine  exudations,  the  "  sweat" 
of  the  plants,  or  the  moisture  of  the  ground  ;  secondly,  in  the 
well  observed  fact  that  such  lands  afford  the  greatest  extent  of 
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neglected  meadows  where  the  insect  has  opportunity  to  multiply 
unnoticed  by  man  and  undisturbed  by  cattle. 

Connection  of  ivet  and  dry  Seawns  ivith  Army  Worm  Increase. — 
The  past  histor^^  of  Army  Worm  years  shows  conclusively  that  dry 
seasons  are  favorable  to  the  multiplication  of  the  insect.  Fitch's 
theor}'  that  such  excessive  multiplication  occurred  only  during  a 
wet  season  following  the  dry  ones,  required  that  the  Spring  of  the 
present  year  should  be  a  wet  one,  whereas,  throughout  the  At- 
lantic States  where  the  worm  has  been  destructive,  the  exceptional 
drought  has  been  proverbial.  We  must,  therefore,  believe  that 
the  Arm}^  Worm  is  most  likel}^  to  appear  in  destructive  numbers 
after  dvy  seasons,  regardless  of  the  wetness  of  the  season  in  which 
it  does  so  appear ;  though  moist  cloudy  weather,  rather  than  hot 
dr}^  weather,  is  without  doubt  favorable  to  the  development  of  the 
species. 


Some  recent  practical  Results  of  the  Cotton  Worm  In- 
quiry BY  the  U.  S.  Entomological  Commission.  By  C.  V. 
Eiley,  of  Washington,  D.  C. 

The  Cotton  Worm  (Aletia  argillacea  Iliibn.i)  has  already 
formed  the  subject  of  two  papers  read  at  recent  meetings  of  the 
Association.  A  year  ago  I  presented  some  of  the  facts  and  con- 
clusions regarding  the  habits  and  natural  history  of  the  insect, 
that  had  up  to  that  time  grown  out  of  the  investigation  begun  by 
me  three  years  ago  under  the  Dei)artment  of  Agriculture  and 
continued  under  the  auspices  of  the  U.  S.  Entomological  Com- 
mission. It  is  my  pui'pose  in  the  present  short  paper  to  present  a 
few  of  tiie  more  practical  results  obtained  up  to  the  [tresent  time. 

riUNCU'LES  ESTABLISHED. 

Wliih;  expeiiencc  and  metliods  must  vary,  tlicre  arc  certain 
underlying  facts  and  piinciples  wliicii  wo  have  fully  established, 
and  which  should  everywhere  guide,  since  they  obtain  all  over  the 
cotton  b(rlt.  Among  the  moi'c  important  of  these  that  have  a 
practical  beaiijig  aie  the  following: 

'  A  uf)  III  is  xyliiKi,  S.'iy, 
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1.  The  first  worms  appear  in  small  numbers,  much  earlier  than 
has  been  hitherto  or  is  usiiall}^  supposed,  and  generally  in  the  same 
particular  spots  3'ear  after  3'ear,  in  hibernating  centres  or  regions 
where  the  parent  moth  survives  the  winter ;  for  this  fact  of  sur- 
vival in  the  imago  state  in  the  southern  portion  of  the  belt  is  now 
established  upon  substantial  evidence. 

2.  These  first  worms  appear  much  earlier  than  the  so-called 
"first  crop,"  which  attracts  the  attention  of  the  planter,  and  they 
ma}'  be  looked  for  earl}^  in  May,  or  even  during  the  last  days  of 
April.  While  young  their  presence  is  most  readily  detected  by 
the  pale,  translucent  spots  thev  make  on  the  leaves,  which  spots 
aie  a  sure  indication  either  that  the  worm  is  present  or  that  it  has 
been  ;  for  these  early  worms  are  frequently  swept  entirely  off  by 
their  enemies. 

3.  The  eggs  in  earl}-  summer  are  laid  on  the  underside  of  the 
leaves,  and  very  uniformly  on  the  older  leaves  about  the  middle 
or  the  lower  third  of  the  main  stem,  and  the  j'oung  worms  feed 
there  for  a  few  days,  producing  the  spots  above  described,  before 
ascending  to  the  more  tender  leaves. 

4.  The  parent  moths,  while  fond  of  all  sorts  of  sweet  exudations, 
the  nectar  from  flowers  and  the  juices  of  fruits,  obtain  their  chief 
nourishment  in  envly  summer  from  the  glands  which  occur  on  the 
underside  of  these  leaves  and  on  the  involucre,  and  which  exude 
a  sweet  liquid.  They  are  able  to  suck  up  solid  particles,  and  may 
be  killed  b}^  poisoning'  the  sweets  upon  which  they  feed. 

5.  The  eggs  of  the  Boll  Worm  are,  also,  mostly  laid  in  similar 
situations  and  rarely  on  the  squares  or  the  bolls,  and  the  young 
Boll  Worms  likewise  feed  upon  the  leaves  for  some  days  before 
entering  the  squares  or  the  bolls. 

From  the  above  well-proved  truths  it  follows  that  poisons  ap- 
plied to  the  under  surface  of  the  leaves  will  accomplish  more  good 
than  when  thrown  on  the  upper  surface,  as  is  the  common  custom. 
They  will  thus  more  surely  kill  these  young  worms  before  these 
do  any  damage ;  they  will  tend  to  kill  the  moths,  and  they  will 
likewise  kill  the  young  Boll  Worms. 

My  efforts  the  present  season  have,  therefore,  been  principally 
directed:  1.  To  discovering  feasible  means  of  thus  poisoning; 
2.  To  improving  present  methods  by  diminishing  the  quantity 
necessary  to  an  acre  and  the  labor  necessary  to  apply  it ;  3.  To 
the  discovery  of  cheaper,  safer  and  more  satisfactory  substances. 
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THE  BEST  rOISONS. 

The  experience  of  the  year  has  so  far  given  us  nothing  superior 
to  the  substances  previously  tested.  We  have  over  five  tons  of  ex- 
tracts and  decoctions  of  various  native  plants  centered  at  Selma, 
Ala.,  made  either  by  Professor  R.  W.  Jones,  of  the  University  of 
Mississippi,  or  by  Mr.  James  Roane  of  Georgetown,  D.  C,  agents 
of  the  Commission.  But  two  or  three,  so  far,  give  an}^  promise,  and 
these  not  much.  Yeast  ferment  or  beer  mash,  which  Dr.  Hagen,  of 
Cambridge,  so  strongly  recommended,  has  proved  entirely  useless. 
Of  the  various  arsenical  poisons,  Paris  green  still  proves  the  best, 
so  far  as  efficacy  and  harmlessness  to  the  plant  are  concerned, 
but  the  use  of  this  and  of  different  preparations  of  white  arsenic 
is  to-day  so  well  understood  that  they  need  no  further  mention. 

LONDON  PURPLE. 

Of  this  arsenical  refuse  from  the  manufacture  of  aniline  dyes, 
which  I  introduced  a  year  ago  with  a  good  deal  of  hope  as  a  cheap 
substitute  for  Paris  green,  it  will  be  well,  however,  to  say  a  few 
words.  The  testimony  in  regard  to  it  is  very  generally  favor- 
able the  present  year,  as  I  anticipated  would  be  the  case  from  the 
experiments  we  made  a  year  ago.  But  some  reports  are  less 
favorable,  and  such  mostly  come  from  parties  who  have  not 
understood  how  properly  to  mix  and  use  it.  Pound  for  pound,  it 
sliould  be  made  to  go  twice  as  far  as  Paris  green,  i.  e.,  a  pound  of 
the  purple  is  sufficient  to  eighty  or  even  one  hundred  gallons  of 
water,  and  if  used  dry  should  be  in  proportion  of  one  to  forty 
parts  of  the  diluent. 

It  should  be  }>orne  in  mind  that  great  care  is  necessary  in  mix- 
ing it  in  water  to  prevent  its  forming  lumps,  and  that  it  acts  more 
slowly  tlian  Paris  green.  To  this  last  fact  is  due  most  of  the 
unfavorable  experience  and  judgment.  If  a  rain  follow  too  soon 
after  an  application,  the  purple  kills  comparatively  few  worms. 
Its  good  effecls  are  fully  seen  onl}'  under  favora})lc  circumstances 
on  th(!  second  or  third  day,  while  th(j  green  shows  its  good  eifects 
a  few  hoiiis  after  ap^'lication,  Jind  [)articularly  the  day  following. 
In  the  (;arly  use  of  the  green  tlx;  same  diversiried  experience  was 
liad,  and  from  (UtU'.cX'we  in(!tliods  or  adulter.'it(!d  material  unfavor- 
able i-esults  were  rjnite  fiM-quciil.  Owv,  sourc(;  of  failure  with  both 
these  materials  in  liquid  is  the  lack  of  provision  to  keep  them 
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stirred  up  and  well  suspended  ;  another,  in  not  bearing  in  mind 
that  the  poison  has  greater  specific  gravity  than  the  water  in  which 
it  is  carried  ;  so  that  in  poisoning  many  rows  at  a  time  the  finer 
spray  falls  on  the  furthermost  rows  with  little  or  no  poison. 

London  purple  is  exceedingly  fine  and  sifts  through  the  slight- 
est crevice.  This  is  an  advantage  to  the  planter  who  uses  it  on 
his  cotton,  but  necessitates  great  care  in  shipping.  The  manu- 
facturers have  shipped  it  for  the  most  part  in  barrels,  which  have 
permitted  it  to  leak  and  stain  other  goods,  as  well  as  the  vehicles 
of  transport,  thus  doing  more  or  less  injury  and  prejudicing  freight 
agents  against  it.  This  defect  should  be  remedied.  Some  of  the 
unfavorable  results  with  this  purple,  T  am  constrained  to  believe, 
have  resulted  from  adulteration.  Experience  would  indicate  that 
it  is  less  dangerous  to  use  than  the  green. 

PYRETHRUM. 

This  powder,  of  which,  since  last  3^ear's  experiments,  I  have  had 
great  hopes,  fully  warrants  them.  No  other  vegetable  substance 
approaches  it.  Last  year  while  it  was  found  by  Prof.  E.  W.  Hil- 
gard,  of  California,  that  an  alcoholic  extract  of  any  part  of  the  plant 
possessed  the  insecticide  property,  I  had  serious  doubts  whether 
it  could  ever  be  successfully  used  in  the  cotton  field  because  of 
its  cost.  The  simple  powder,  mixed  with  flour  as  a  diluent,  could 
then  be  made  to  go  over  more  ground  than  the  alcoholic  extract. 
The  present  yesLV  we  have  found  that  a  simple  fluid  extract, 
made  after  the  ordinary  formula  of  the  pharmacopoeia  will  go 
much  farther,  and  that  the  extract  from  a  pound  kills  all  the 
3'oung  worms  when  diluted  in  120  gallons  of  water!  Nay,  more, 
one  of  the  most  important  discoveries  is  that  it  acts  equally  well  or 
even  better  when  simply  mixed  with  water,  and  even  one  pound 
to  150  gallons  is  efl'ective,  and  one  pound  to  200  gallons  will  cause 
the  destruction  of  most  young  worms.  Its  action  is  reallj^  mar- 
vellous ;  but  as  it  kills  by  contact,  its  effects  are  not  lasting  as  in 
the  case  of  arsenical  poisons,  which  act  through  the  stomach.  It 
produces  convulsions  and  paralysis ;  so  that  all  young  worms  in 
contact  with  it  soon  writhe  to  the  ground.  Larger  worms  are  less 
easily  aff'ected,  but  they  soon  writhe  to  the  ground,  from  which 
they  rarel}'  recover,  even  if  the  pyrethrum  fails  in  the  end  to  kill ; 
for  once  on  the  ground  and  enfeebled,  a  host  of  enemies  are  ever 
ready  to  finish  the  work  begun  by  the  powder.    This  insecticide 
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acts  quite  differently  on  different  insects,  but  Aletia  is  one  of  the 
most  susceptible  to  it.  It  acts  equally  as  well  in  rainy  weather, 
and  I  have  not  a  doubt  that  when  the  plant  is  grown  in  this  country 
so  that  the  cost  of  the  powder  will  be  nominal,  Pyrethriun  will 
be  extensively  employed  b}"  planters,  and  to  this  end  I  have  taken 
steps  to  have  it  introduced  and  cultivated.  Its  harmlessness  to 
man,  the  small  quantity  necessar}^,  and  the  fact  tliat  it  ma}^  be 
grown  b}^  the  planter  himself,  will  offset  the  greater  permanency 
of  arsenical  powders. 

OILS. 

Nothing  is  more  deadly  to  the  insect  in  all  stages  than  kerosene 
or  oils  of  any  kind,  and  they  are  the  only  substance  with  which 
we  may  hope  to  destroy  the  eggs.  In  this  connection  the  difficulty 
of  diluting  them  from  the  fact  that  they  do  not  mix  with  water 
has  been  soh'ed  b}^  first  combining  them  with  milk,  either  fresh  or 
spoiled,  to  form  an  emulsion,  which  is  easily  effected,  while  this 
in  turn,  like  milk  alone,  may  be  diluted  to  an}'  extent  by  water, 
the  particles  of  oil  being  held  homogeneously  in  suspension. 
Thus  the  question  of  applying  oils  in  any  desired  dilution  is 
settled,  and  something  practicable  from  them  may  be  looked  for. 

IMPROTED  APPLIANCES. 

Planters  will  apply  poisons  either  in  liquid  or  in  powder  ac- 
cording to  circumstances  and  conveniences.  The  wet  method,  ac- 
cording to  present  practices,  is  the  more  expeditious,  and  the  safer 
so  far  as  injury  to  man  and  stock  is  concerned.  It  acts  less  favor- 
ably in  wet  weather,  the  first  outlay  in  api)l}ances  is  greater,  and 
they  are  often  useless  where  the  soil  is  heavy  and  wet.  The  dry 
metljod  can  be  most  advantageously  used  in  wet  weather,  and  the 
application  is  most  persistent:  the  cost  of  diluents  has  hereto- 
fore )>een  great ;  there  is  more  danger  to  the  operator,  and  an  acre 
is  poisoned  less  qiiickly. 

Impr>rtant  advances  have  l)een  made  the  present  3'ear  in  ))oth 
methods.  The  perforated  sprinkling  nozzles  luive  given  way 
wiierever  they  liave  come  into  competition  witli  those  vviiicli  si)ray 
}>y  obHlnu;tion  Mgainst  an  iucliiujd  ]>\'.\U\  or  by  pr(!ssing  the  w.'it(;r 
througli  a  cr(!Hcent-Hhaped  slit.  'J'lie  Hini))h!st  and  cheapest  nozzle, 
and  that  which  least  clogs,  will  give  most  satisfjujtion,  for  which 
reason  one  wiiich  I  intro(l\i(;ed  tin;  present  summer,  and  which  is 
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known  as  the  Riley  sprinkler,  has  been  largely  used.  It  is  a 
simple,  semicircular  piece  of  metal,  about  three  inches  in  diameter, 
with  a  narrow  strip  of  the  straight  edge  bent  upward  at  an  angle 
of  about  45°,  and  the  nozzle  so  adjusted  that  the  jet  strikes  the 
angle  of  the  bend  at  its  middle. 

Experiment  shows  that  there  is  a  limit  to  the  subdivision  of  the 
liquid  beyond  which  it  cannot  practically  be  carried,  both  on  ac- 
count of  the  greater  tendency  of  the  nozzle  to  clog  -  and  of  the 
greater  specific  gravity  of  the  poison  compared  to  water  in  fine 
spray ;  so  that  in  attempting  to  tln-ow  a  fine  spray  over  ten  or 
twelve  rows,  the  outer  rows,  as  already  stated,  receive  no  poison. 
This  last  obstacle  applies  less  to  pyrethrum,  which  has  least 
specific  gravity.  Nevertheless,  experiment  has  demonstrated  that 
forty  gallons  of  poison  may  be  successfully  made  to  go  over  three 
acres  of  cotton  instead  of  one,  which  is  a  great  gain.  In  using 
the  poisons  dry,  it  does  not  seem  possible  to  advantageously 
diminish  the  amount  per  acre  by  any  present  appliances,  but  I 
have  reason  to  believe  that  a  diluent  of  simple  earth  well  dried 
and  pulverized  may  be  used  with  as  much  advantage  as  any  more 
costly. 

POISONING   FROM  BELOW. 

Now  the  throwing  of  the  poison  from  below  will  enable  us  to 
diminish  much  further  the  quantity  to  be  thrown  on  the  plant  in 
either  method,  and  one  of  the  ideas  originated  and  now  being 
tested  b}'  the  Commission  is  to  throw  the  poison  upon  the  plants 
by  means  of  rotating  brushes.  This  method  promises  full  success 
and  is  probably  the  simplest  and  cheapest  by  which  the  principles 
mentioned  in  the  beginning  of  this  paper  can  be  satisfactorily 
applied.  It  has  these  further  advantages:  the  amount  of  the 
poison  is  easily  regulated  ;  it  is  uniformly  applied  ;  it  remains 
longer  and  is  not  so  easily  washed  oflf  by  rains,  and  finall}^,  the 
plan  does  away  with  pumping  and  stirring.  The  brush  is  made  to 
revolve  in  a  box  or  trough,  which  is  supplied  with  fluid  poison  on 
the  principle  used  in  automatic  inkstands,  or  with  powder  from  a 
hopper  having  slits  from  which  the  bristles  brush  out  the  powder. 
The  spray  may  be  produced  by  the  centrifugal  force  from  rapid 
rotation,  in  which  case  the  box  is  only  open  on  the  side  from 
which  the  spray  is  desired,  while  the  slow  turning  of  a  very  stiff 
brush  against  an  edge  will  throw  either  a  spray  or  a  cloud  of 
powder  by  the  elasticit}'  of  the  bristles  as  they  spring  out  from 


648 


THE  COTTON  WORM  INQUIRY  ;  BY  C.  V.  RILEY. 


nnder  the  edge.  It  is  useless  to  go  into  details,  and  we  have  not 
yet  decided  whether  steel,  whalebone,  bristle  or  broom  corn,  or 
some  other  material  will  prove  best.  Prof.  W.  S.  Barnard,  of 
Ithaca,  N.  Y,,  is  now  w^orking  out  the  details  of  the  gearing, 
and  will  continue  to  experiment  with  different  devices  and  on  dif- 
ferent principles.  He  has  already  made  some  very  important  dis- 
coveries which  will  be  duly  recorded  in  the  next  report  of  the 
Commission  on  the  subject.  Another  simple  plan  now  being 
tried,  for  applying  wet  poison  to  both  sides  of  the  leaves,  with- 
out involving  machinery,  is  by  a  long,  heavy  fringe  upon  which 
the  poison-fluid  drips,  and  from  vv^hich  it  is  wiped  off  by  the 
leaves  as  they  are  pulled  through  its  pendent  parts,  which  hang 
down  among  the  branches  while  it  is  carried  over  the  row. 
Another  principle  will  be  practically  applied  and  worked  out,  if 
possible,  by  Mr.  J.  D.  Cross,  of  Alabama.  It  is  to  throw  the 
powder  behind  a  cultivator  by  means  of  a  revolving  fan,  worked 
b}^  a  spring  to  be  wound  up  at  intervals,  so  that  the  plant  may  be 
poisoned  without  extra  labor  when  it  is  being  for  the  last  time 
cultivated  or  laid  by.  It  is  unnecessary  to  allude  here  to  experi- 
ments that  have  given  no  practical  results. 

EARLY  POISONING. 

The  importance  of  poisoning  early,  or  when  the  very  first  ap- 
pearance of  the  worm  is  manifest,  cannot  be  too  strongly  insisted 
on.  Wherever  it  has  been  done  early  and  judiciously  the  crop 
has  been  saved,  and  the  contrast  between  the  poisoned  fields  and 
those  not  poisoned  is  most  marked.  The  latter  have  been  defoli- 
ated over  a  month,  and  will  yield,  on  an  average,  but  one-third  as 
much  cotton  as  the  former,  and  that  of  an  inferior  quality. 

weather:  concll'sion. 

The  weather  tliroughout  most  of  the  cotton  belt  has  been  unfav- 
orably wet,  and,  indeed,  the  persistent  rains  have  greatly  interfered 
with  the  experiments  and  the  work  of  the  Commission.  Yet  we 
have  reacljed  a  stage  in  the  management  of  the  worm  when  there 
is  no  longer  any  excuse  for  loss  by  its  ravages,  and  with  the  re- 
sults of  tills  year's  labors  of  the  Commission,  I  feel  that  I  have 
mcasuraijly  accomplished  what  I  set  out  to  do  thi  ee  years  ago,  viz. : 
to  get  thorough  .'iiid  accurate  knowledge  of  the  habits  of  the  prin- 
cii^al  insects  injuriously  afi'ecting  the  cotton  i)lant  —  a  knowledge 


LIFE-HABITS  OF  BEE-FLIES  ;  BY  C.  V.  RILEY. 


649 


which  did  not  then  exist  —  and  to  learn  best  how  to  control  them. 
The  Caterpillar  and  the  Boll-worm,  the  two  worst  of  these  enemies, 
will  soon  cease  to  be  a  cause  of  anxiety  to  intelligent  and  enterpris- 
ing planters.  How  best  to  overcome  in  this  connection  the  neg- 
ligence and  indisposition  of  the  more  careless  and  ignorant  of  the 
cultivators,  of  whom  there  are  so  many  among  the  freedmen,  is  a 
question  which  I  may  consider  at  some  future  time. 


The    HITHERTO    UNKNOW^N  LiFE-HABITS  OF    TWO   GENERA  OF  BeE- 

FLiES  {BomhyUidcB)  By  C.  V.  Eiley,  of  Washington,  D.  C. 

[ABSTRACT.] 

The  paper  gives  the  life-history  of  SystoecJius  oreas  O.  S.  and 
of  Triodites  mus  O.  S.  and  shows  that  their  larvae  have  the  same 
habit  of  preying  on  locust  eggs.  It  calls  attention  to  the  paral- 
lelism in  the  life-history  of  the  Bee-flies  and  of  the  Blister-beetles. 
The  Bombyliidse  (accepting  the  more  recent  expansion  of  the 
family),  so  far  as  their  habits  have  been  hitherto  recorded,  were 
known  to  prey  parasitically  in  the  larva  state  upon  the  larva  either 
of  burrowing  bees  (genera  AnthopJwra,  Andrena,  Ilalictus,  CoUetes^ 
etc.),  of  mud-daubing  wasps  (Tryjjoxylon,  etc.),  or  on  the  pupae 
of  certain  Lepidoptera  (e.  g.^  Limacodes),  Yet  certain  genera 
develop  in  the  egg-masses  of  the  Acrididae,  feeding  upon  the  eggs. 
So  the  habit  of  the  Meloi'dae,  so  far  as  known  up  to  the  year  1877, 
was  to  live  parasitically  in  the  cells  of  either  burrowing  bees  or 
mason  bees,  though  certain  genera,  e.  g. :  Epicauta  and  Macroba- 
sis,  were  then  shown  to  prey  on  locust  eggs.  (See  Proc.  of  the 
Association  for  1878,  B.,  p.  18.)  The  abundance  of  both  the 
Bombyliidae  and  Meloidae  in  the  western  country  is  referred  to 
as  directly  connected  with  the  prevalence  of  locusts  there,  and  the 
facts  of  retarded  development  in  the  early  stages  of  both  families 
are  recorded  and  explained  as  a  characteristic  beneficial  to  the 
species  which  must  depend  on  such  uncertain  food  as  the  eggs 
of  insects  like  the  migratory  locusts,  which  in  some  years  prevail 
in  great  abundance  and  in  others  become  scarce  or  are  not  found 
at  all,  in  given  localities. 
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On  Lightning  Bugs.    By  John  L.  Leconte,  of  Philadelphia,  Pa. 

Since  the  publication  of  my  S3mopsis  of  Larapyridae  in  1851 
(Proc.  Acad.  Nat.  Sc.,  Phila,  1851,  331),  but  few  species  of  the 
family  have  been  described  in  this  country,  and  no  very  important 
improvement  has  been  made  in  their  classification  ;  about  the  same 
time  I  published  in  the  Journal  of  the  same  Society  (New  Ser.,  i, 
73)  a  synopsis  of  Lycidse,  one  of  the  sub-families  of  Lampy ridge. 
This  last  mentioned  synopsis  is  one  of  my  early  and  crude  contri- 
butions to  science,  which,  if  the  study  of  Natural  History  had 
been  farther  advanced  in  this  countiy,  would  have  been  kindly 
suppressed,  or  returned  to  me  for  revision.  In  the  Classification 
of  the  Coleoptera  of  N.  A.,  I  have  established  the  family  with 
diflTerent  limits  than  those  adopted  by  European  writers  at  that 
time  (1861),  and  constituted  it  of  the  three  following  sub-families, 
which  are  here  more  fully  defined  : 

Middle  coxffi  distant,  epipleurae  wanting  Lycid^. 

Middle  coxae  contiguous,  epipleurse  usually  wide  at  base,  epis- 
terna  of  metathorax  with  inner  margin  sinuate  .  .  .  Lampykid^. 

Middle  coxae  contiguous,  epipleurae  narrow  at  base,  episterna  of 
metathorax  not  sinuate  on  inner  margin  Telephorid^. 

A  detail  of  the  minor  groups  and  tribes  composing  these  fami- 
lies would  be  here  out  of  place,  and  may  be  found  in  my  Classi- 
fication ;  they  will  be  fully  exposed  in  a  synopsis  of  the  genera 
and  species  now  ready  for  press.  Otherwise,  the  habits  and  life 
history  of  a  few  species  have  been  more  or  less  thoroughly  observed 
and  recorded. 

For  tlic  past  few  years  I  have  been  trying  to  procure  material 
to  enable  me  to  make  a  more  complete  synopsis  of  the  genera  and 
s[)ecies,  and  a  better  exposition  of  tlieir  relations  to  each  other 
tlian  J  had  been  able  previously  to  give.^ 

For  fmiiishing  series  of  larvjje,  pupjje  and  imagines  of  species 
from  h(!r  vicinity,  I  am  under  especial  obligations  to  Mrs.  V.  O. 
King,  of  Austin,  Texas.  An  excellent  account  of  the  transfor- 
mations of  Pkotomus  pallanH  from  lier  i)en  has  been  pi-inted  in 
Psyche,  iii,  51  (1880),  and  equally  valuable  life-histories  of  other 
species  may  be  expected  in  the  future. 

>  I  woiilM  hfM-c  mention  Uiat  no  rofercnco  \h  rn!i<Io  in  tii(!  Uwi  to  Uie  iniportjint  general 
work  of  I.af  oivliiin;,  or  tho  oxccllont  fannul  European  worl<  of  Dii  Vai,  in  wiiicli  Uie 
genera  have  heen  talMilnt<;«I  in  a  convenient  rnaJiner,  but  witliout  H])ecial  reference  to 
our  Bpe'-ie;-,  except  wliat  liaH  been  derived  from  my  own  worJtH  cited  above. 
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I  congratulate  myself,  that  b}^  the  slow  progress  of  m}^  studies 
and  the  tard}'  mauuer  in  which  some  of  my  correspondents  liaA'e 
replied  to  my  request  for  larger  series  of  specimens,  I  am  now 
able  to  profit  by  the  recent  publications  of  INlr.  C.  O.  Waterhouse^ 
on  Lycid<^,  and  Rev.  H.  S.  Gorham^  on  Lampyridse. 

The  object  of  the  pi-esent  essay  is  simply  to  give  some  popular 
information  in  regard  to  the  characters  of  these  insects,  and  to 
correlate,  so  far  as  our  species  may  permit,  the  light-giving  faculty 
with  other  structures  ;  I  will,  therefore,  not  enter  here  into  a  close 
analysis  of  the  relations  of  the  genera. 

It  is  then  sufficient  to  sa}',  that  none  of  the  Lycidai  or  Teleph- 
oridie  possess  any  light-giving  organs,  and  that  they  are  diurnal 
in  their  habits.  In  some  of  the  L3^cidse  the  front  part  of  the  head 
is  prolonged  into  a  beak,  and  in  many  of  them  the  elytra  are  ver}^ 
large,  expanded  and  coarsely  reticulated.  The  peculiar  structures 
of  some  Telephoridie  will  be  noticed  farther  on. 

The  Lampyridse  proper  comprise  all  the  luminous  species,  though 
this  faculty  is  possessed  b}^  them  in  a  very  unequal  degree,  and  in 
some  genera  and  species  of  diurnal  habits  is  quite  wanting.  For 
our  present  purposes  their  division  may  be  indicated  into  tribes 
and  groups  as  follows  : 

A.  Side  pieces  of  Metathorax  narrow  ; 

a.  ^  and  9  similar  or  nearly  so ;  antennae  long,  last  joint 
simple. 

h.  $  and  9  conspicuously  different ;  antennae  short,  last  joint 
with  acicular  appendage. 

B.  Side  pieces  of  metathorax  wide  (  9  unknown)  ;  palpi  very 
unequal,  mouth  organs  more  developed. 

The  series  A  a  contains  the  largest  number  of  genera  and 
species,  and  exhibits  a  gradation  from  Matheteus^  with  widely 
separated  pectinate  antennae,  and  general  Lyciform  appearance, 
through  Photinus,  with  approximate  filiform  antennae,  and  head 
retracted  under  the  prothorax,  to  Photiiris,  with  the  antennae  fili- 
form, and  the  head  parti}'  exposed.  There  is  thus  a  continuous 
line  of  affinities  in  this  series  from  the  diurnal  Lycidae  to  the 
diurnal  Telephoridae. 

Now  besides  the  gradations  in  structure  just  mentioned  there 
are  great  differences  in  the  sizes  of  the  eyes,  and  in  the  develop- 

2Bi-.  Mus.  Cat.  Illustrations;  Coleoptera,  Part  1,  Lycidae,  1879. 
STrans.  Eiit.  Soc.  London,  1880,  p.  1,  63,  83,  and  Proc.  loc.  cit.  infra. 
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meiit  of  the  light  organs.  In  the  species  usually  seen  flying  by 
day  (Lucidota,  Ellychnia^  etc.)  the  light  organs  are  indicated  by 
feeble  yellowish  spots  on  the  last  ventral  segments,  but  do  not 
seem  to  possess  any  light-giving  power ;  in  these  the  ej-es  are 
lateral,  rather  small  in  9  1  but  larger  and  more  convex  in  $  ;  they 
are  widely  separated  above  and  beneath  as  in  Lycidse. 

The  series  A  h  contains  a  much  smaller  number  of  genera,  and 
in  them  the  antennae  are  approximate,  usually  filiform,  rarely 
(Pleotomus)  bipectinate.  The  number  of  joints  varies  from  9  to 
14,  and  the  last  joint  has  at  the  end  a  small  acicular  appendage 
simulating  an  additional  joint.  The  e3'es  of  the  ^  are  excessively 
large,  almost  contiguous  above  and  beneath,  leaving  very  little 
room  for  the  mouth  and  antennae  ;  in  the  9  the  eyes  are  moderate, 
or  even  small,  lateral  and  widely  separated.  The  light  organs  are 
varied,  sometimes  brilliant  in  both  sexes,  sometimes  weak  in  both 
sexes,  and  sometimes  brilliant  only  in  the  9  .  Their  food  consists 
of  small  terrestrial  mollusca. 

The  third  category,  B,  consists  of  Phengodes  and  allied  genera 
in  which  the  side  pieces  of  the  metathorax  are  wide.  I  know 
nothing  by  observation  of  the  luminous  qualities  of  these  insects, 
of  which  only  males  are  known.  They  are  all  rare,  and  I  have 
seen  none  alive.  But  we  here  owe  our  special  thanks  to  Mrs.  King 
for  the  patient  quest  which  has  been  rewarded  by  the  discovery  of 
the  pupa  of  Phengodes,  and  which  will  probably  result  in  another 
season  in  the  detection  of  the  larva. 

I  am  also  indebted  to  Mrs.  King  for  a  larva  of  Mastinocerus,  of 
slender,  cylindrical  form  and  pale  color.  It  was  feebly  luminous, 
and  lived  upon  small  snails.  The  perfect  insect  is  tlius  mentioned 
in  a  letter,  the  observations  being  made  upon  a  specimen  attracted 
by  the  lamp  :  "June  4tli  saw  running  rapidly  over  the  table  near 
a  lighted  lamp,  a  small  Coleopter ;  it  was  twisting  its  abdomen  up 
over  its  wings,  and  evidently  trying  to  straighten  them  out,  as 
they  seemed  moist  and  twisted  at  their  ends.  The  general  appear- 
ance suggested  Mastinocerus,  and  acting  on  this  thought,  I  cap- 
tured it  and  sat  up  till  a  late  hour  to  ])e  assured  of  the  ti  iith.  The 

*  It  iH  Htill  niif;c.rtaiii  whcUicr  the,  1ju  j,'(;  luiiiitiouH  larv.'i;  dcsHcrilMMl  by  IJaron  Ostcn 
8Hck(!n  (I'joc.  Kilt.  Soc.  I'liila.,  i,  I'iO,  pi.  1,  f.  8)  belong  to  Uu;  KbitCM-ide  Mdanactes  or  to 
rhcnf/oflcs.  Sj»<;<5i(!«  of  boUi  genera  are  found  in  nearly  all  parlH  of  the  United  States, 
biitlhongti  tbe  larvin  Heein  to  ntnernble  Ihni,  of  Afa if inormis  referred  to  in  the  text  more 
than  any  «leHcribed  Klatcrido  iarvto,  It  Ih  more  i)robablo  that  they  should  bo  referred  to 
the  latter  fjitnily. 
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insect  was  in  a  small  vial,  and  moved  quickly.  It  gave  out  light 
conspicuousl}^  from  the  head,  feebly  from  the  anal  end,  and  still 
more  so  from  about  the  base  of  the  abdomen.  The  light  seen  in 
the  head,  though  visible  in  the  dark  as  a  round  spot,  yet  when 
taken  into  a  room  obscurely  lighted  was  invisible  from  above  ;  but 
when  the  insect  was  suddenly  thrown  upon  its  back  a  light  no 
larger  than  a  pin  point  was  seen  just  about  the  junction  of  the 
head  and  prothorax."    .    .  . 

It  is  quite  possible  that  the  genera  of  the  other  continent  con- 
stituting the  sub-family  Drilidae  should  be  placed  as  a  group  of 
this  series ;  but  upon  this  point  I  cannot  speak  with  confidence,  as 
I  have  had  no  opportunity  of  studying  them  carefully.  They 
live  on  snails,  and  some  of  them  pass  through  their  transforma- 
tions in  the  shells  of  the  animals  upon  which  they  have  fed. 

As  regards  the  third  sub-famil}^,  Telephoridse,  it  is  merely  neces- 
sary to  mention  that  the  e3^es,  without  being  excessively  large  in 
either  sex,  are  invariably  larger  in  the  ^  than  in  the  9  ,  and  that 
in  the  lower  forms  {3IaltJiodes,  etc.)  there  is  an  extreme  compli- 
cation in  the  development  of  the  last  abdominal  segments. 

We  have,  then,  in  Lycidse  a  tendenc}^,  with  simple  sexual  char- 
acters, to  elongation  of  the  anterior  part  of  the  head.  In  the 
Lampyridse  the  sexual  characters  are  diffused  over  the  whole  body, 
but  with  no  tendenc}-  to  elongation  of  the  head  or  complication  of 
the  posterior  abdominal  segments  ;  and  in  addition  there  is  a  pecu- 
liar apparatus  for  the  emission  of  light,  which  although  absent  in 
some  genera,  does  not  exist  at  all  in  the  other  two  sub-families. 

Finally,  in  Telephoridse  there  is  a  slight  reminiscence  of  the 
anterior  extension  of  the  head  in  certain  species  of  Fodabrus,  which 
have  a  broad  muzzle.  In  general  the  mouth  organs  are  more  power- 
ful than  in  the  other  sub-families.  The  sexual  characters  are  of  an 
ordinary  kind,  but  in  Chaidiognathus  and  Malthodes  the  last  ab- 
dominal segments  of  the  are  largely  developed.  In  some  spe- 
cies of  the  last  named  genus  the  complication  of  these  rings 
resembles  nothing  that  I  know  in  nature,  except  the  curious 
structures  of  Tipulidse  figured  by  Osten  Sacken.^  In  Ichthyurus, 
an  Asiatic  genus,  the  middle  legs  of  the  ^  are  singularly  inflated  ; 
and  in  Silis  there  are  curious  processes  near  the  hind  angles  of  the 
prothorax  ;  a  very  deep  fissure  limited  on  each  side  by  a  pro- 
longation, and  complicated  by  a  movable  articulated  process 


6  Proc.  Acad.  Nat.  Sc.  Phila.,  1859,  197,  pi.  3  and  4. 
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attached  to  the  inflexecl  flank  of  the  prothorax.  In  several  species 
this  articulated  process  terminates  in  a  long  bent  filament,  and  the 
apparatus  probabl}^  serves  like  a  somewhat  similar  one  on  the 
first  antennal  joint  of  the  ^  of  the  Malachide  CoUops,  to  clasp 
the  antennfe  of  the  9  . 

After  this  statement,  which  is  as  brief  as  I  can  make  it,  of  the 
arrangement  into  sub-families  and  tribes  of  the  Lamp3a'id8e,  with 
the  principal  m.odifications  of  structure  in  each,  we  are  prepared  to 
consider  the  variations  in  the  light  organs,  and  their  sexual  cor- 
relation with  the  eyes  and  wings  in  the  Lampyridas  proper. 

We  have  seen  that  the  greatest  development  of  the  eyes  takes 
place  in  the  male  of  the  series  A  6,  or  Lampyrini,  in  wliich  the 
antennas  are  very  short  in  both  sexes.  The  female  is  without 
wings,  and  has  the  eyes  moderate  (Phausis)^  or  veiy  small  {3fi- 
cropliotiis) .  The  light  organs  are  either  brilliant  in  both  sexes 
{Phausis  reticulata)^  wanting  in  the  male  {P.  inaccensa ^femaic  un- 
known), feeble  in  male  and  brilliant  in  female  {Pleotomus,  and 
probabl}'  Micropliotus) .  In  the  Photini  the  light  organs  are  com- 
pletely wanting  {Tenaspis^  n.  g.),  obsolete  and  ineflfective  {Lu- 
ciclota,  Ellychnia  most  species)  ;  well  developed  in  both  sexes,  but 
more  brilliant  in  male  than  female  (Pyractomena,  Photinus)  ; 
equally  brilliant  in  both  sexes  (Photiiris)  :  in  all  these  the  antennae 
are  long,  either  slender  or  broad,  and  closely  approximate  ;  the  eyes 
are  widely  separated  on  the  upper  side,  and  usually  also  beneath. 
In  Matheteus  and  Polydasis^  the  antennae  are  pectinate,  or  bipec- 
tinate,  and  rather  widely  separated  ;  the  eyes  are  more  distant,  and 
the  light  organs  wanting. 

TliePliengodini  are  known  only  by  the  male.  The  eyes  are  lateral, 
convex,  moderate  in  size,  and  widely  separated  ;  the  antennae  are 
distant  at  tlieir  insertion,  plumose  in  PheDgodes  and  Zarhipis 
(n.g.)  ;  bipectinate  in  Masti7iocerus  and  Cenophemjus  (n.g.)  ;  pec- 
tinate in  Ptarotus,  and  serrate  in  Tytthonijx,  if  I  am  correct  in 
associating  that  genus  with  this  tribe.  J*hengodes  is  said  l)y  La- 
cordaiiV'  to  ))e  luminous,  while  tlic  observations  of  JMis.  King 
above  cited  prove  thjit  Maailnocerus  is  also  i)li()spli()i('K('('nt. 

From  this  detaihid  statement  it  may  be  inCci  red  tliat  tli(!r(;  is  no 
distinct  cf>rr(!lation  b(itw(;(Mi  tlie  eyes,  the  ant(;nnje,  and  tiie  light 
organs  of  the  two  s(!X('s  wliicli  obtains  for  tlie  whole  sub-family. 

Tliut  the  eyes  of  the  male  should,  in  com[)a)-ison  with  the  other 
«  Gen.  Col.,  iv,  :ur>. 
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organs  of  special  sense,  the  antennre,  be  more  largely  developed 
than  in  the  female,  is  explicable  from  the  more  generally  active 
disposition  of  that  sex,  bat  that  these  characters  should  prevail  in 
the  contradictory  categories,  where  the  female  is  more  brilliant,  and 
where  she  is  less  brilliant,  than  the  male,  does  not  seem  to  me 
explicable  either  on  grounds  of  teleology  or  natural  selection, 
and  especially  do  these  explanations  seem  imperfect  when  we  con- 
sider that  the  largest  eyes  are  possessed  by  those  males  which 
seek  the  most  brilliant,  but  also  the  most  helpless  females. 

The  luminous  powers  of  these  insects  suggest  three  distinct 
investigations,  which  seem  to  me  very  important,  and  to  which  I 
would  earnestly  invite  the  attention  of  my  colleagues  in  other 
branches  of  science : 

1st.  Spectroscopic  examination  of  the  nature  of  the  light,  and 
an  analysis  of  the  elements  concerned  in  producing  such  brilliance 
at  low  temperatures."^ 

2nd.  Biological  observation  of  the  particular  arrangement  of 
cells,  which  enables  such  an  amount  of  light  of  a  high  grade  to  be 
produced  by  the  metamorphosis  of  ordinary  tissues,  without  the 
heat  of  incandescence.^ 

3rd.  Chemical  analysis  to  determine  the  nature  of  the  proximate 
principles  which  are  thus  oxidized  in  the  production  of  light  without 
heat.9 

None  of  these  researches  can  be  conveniently  made  in  the 
northern  states,  but'  in  the  middle  and  southern  states,  and 
especially  in  tropical  America,  they  can  be  readily  entered  into, 
and  none  of  them  fall  properly  within  the  sphere  of  investigation 
of  entomologists. 

^  Some  .slight  efforts  liave  been  made  in  this  line  of  investigation,  but  nothing 
satisfactory  has  been  published.  IMr.  Meldola  (Proc.  Ent.  Soc.  London,  1880,  p.  iii), 
observes:  "that  the  exact  nature  of  the  phosphorescence  was  still  an  unsolved 
problem  both  to  tiie  physicist  and.  biologist.  Some  years  ago  he  had  examined  the 
spectrum  ol  tlie  glow-worm,  and  found  that  it  was  continuous,  being  rich  in  blue  and 
green  rays,  and  comphratively  poor  in  red  and  yellow." 

In  regard  to  the  structure  of  the  light-giving  organs,  I  have  found  only  some 
superficial  notices  by  authors  whom  it  is  scarcely  necessary  to  cite  on  the  present 
occasion.  It  is  narrated  that  they  are  rich  in  fat  cells,  and  abundantly  sui)plied  with 
nerves  and  air-tubes ;  the  histological  observations  of  Schultze  do  not  show  the  manner 
in  M'hich  the  light  is  produced. 

9  As  to  the  composition  of  the  fats  contained  in  these  special  organs,  I  believe  that 
no  investigation  has  been  made  except  the  few  unsatisfactory  ones  mentioned  in  my 
Synopsis  of  Lampyridai  of  tiie  U.  S.  (Trans.  Am.  Ent.  Soc.  1881,  p.  1.5),  now  passing 
thiough  the  press,  though  in  tliis  instance,  as  in  tiie  cases  of  tlie  acid  secretion  of 
Harpalus  the  liquid  explosively  emitted  by  Jirachinus,  and  Uie  singular  excretion 
Chlaenius,  which  combines  the  odor  of  camphor  and  creosote,  the  materials  are 
easily  procured,  and  the  results  would  be  physiologically  important. 
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It  is  unnecessary  for  me  to  expand  on  the  scientific  value  of  the 
investigations  here  proposed.  Luminosity  of  a  much  lower  grade 
than  that  exhibited  by  these  insects  has  been  generally  ascribed 
by  physicists  to  matter  at  very  high  temperatures,  even  in  the 
cases  of  aurorse  and  nebulae  ;  and  in  fact  the  experiments  of  Mr. 
Crookes  upon  radiant  matter  under  the  influence  of  electrical 
currents  would  tend  to  confirm  such  a  supposition. 

Should,  however,  the  investigations  I  have  suggested  justify  the 
belief,  as  seems  probable,  that  large  evolution  of  highly  refrangible 
light  may  take  place  without  high  temperature,  our  cosmical  theo- 
ries ma}^  need  to  be  partially  modified.  And  should  the  chemist 
ascertain  with  accuracy  what  precise  combination  of  molecules  of 
the  ordinary  constituents  of  organic  bodies  will  thus  b}'  slow 
oxidation  give  such  a  disproportionate  amount  of  light,  we  may 
enter  upon  a  path  which  leads  to  the  accomplishment  of  one  of 
the  great  desires  of  civilization,  the  production  of  light,  without 
undue  expenditure  of  energy  in  the  development  of  heat,  as  a 
waste  product. 

In  regard  to  the  manner  in  which  the  light  is  evolved,  I  have 
but  little  information  to  give,  though  what  I  say  may  serve  to 
correct  some  erroneous  views  which  have  been  elsewhere  ex- 
pressed. 

The  popular  name  of  these  insects,  lighteyiing  (or  lightning) 
hvgs^  as  distinguished  from  Jire  Jlies,^^  is  derived  from  the  fact 
that  the  light  is  intermittent.  It  is  never  entirely  extinguished, 
but  is  paroxysmally  weak  and  brilliant.  When  seized,  under  the 
influence  of  fear,  the  intervals  become  irregular,  and  the  flashes 
are  frequent.  AVlicn  put  into  alcohol  there  is  at  first  a  fitful  and 
rapid  exhibition  of  light,  but  afterwards  the  light  becomes  mod- 
erate and  permanent  for  some  minutes.  When  the  light  organs 
are  separated  and  crushed,  the  light  also  continues  for  some  time, 
becoming  gradually  weaker. 

I  therefore  infer  that  the  excitement  of  the  liglit-giving  organs 
to  the  highest  degree  of  activity  is  manifested  by  the  supreme  effort 
of  the  will  of  the  animal,  and  that  the  exhibition  of  light  is  depen- 
dent iii)on  i\  particular  structure,  mow.  or  l(!ss  und(!r  the  control 

Fin;  lli(!H  nre  ?2ltitcri«laj  of  tin;  KenuH  I'yrophorus  (Spjinihh  Cucuyo),  of  which  ono 
of  tho  HiM.'ilh;r  BitcclcH,  P.  phynoflcrus,  occurH  in  Floi  idji  and  Tcxuh,  and  shine  witli  a 
con.Htatit  liKht,  chiefly  vinil^le  in  two  vewideH  near  tlie  hind  anglcH  of  Uie  pi-oUiorax, 
which  an;  convex,  ami  covered  wiUi  a  truiiHitarent  cliitinoiin  integument.  All  Kpecies 
of  J'yrophoruB  are  not  ]>hoHi)horescent. 
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of  the  will,  but  containing  a  special  material  capable  of  evolving 
the  light  independent  of  the  will.  In  a  similar  way  to  that  in 
which  the  voluntary  muscles  of  all  animals  evolve  motion,  and  the 
special  electrical  organs  of  certain  fishes  evolve  electrical  currents, 
so  do  these  organs  of  the  Lampyridoe  evolve  light  from  some  pecu- 
liarly constituted  structure  fitted  for  the  purpose. 

It  may  be  conceded,  after  what  has  been  said  above,  that  the  idea 
of  Mr.  Gorham,^^  that  "  the  external  white  vitreous  parts  are  diaph- 
anous, and  permit  the  light  to  shine  through,"  is  perfectly  correct^ 
but  that  his  belief  that  "the  source  of  light  within  the  bod}^  of  the 
insect  can  be  pressed  against  these  windows,  or  retired  from  them 
at  its  pleasure,"  is  quite  without  foundation. 

Several  authors  have  remarked  upon  the  tendency  of  the  winged 
Lampyridae,  in  countries  where  large  numbers  of  the  same  species 
are  in  view  at  one  time,  to  exhibit  their  light  at  rhythmic  intervals. 
I  have  never  observed  this  in  the  United  States,  nor  in  those  parts 
of  tropical  America  which  I  have  visited.  I  think  that,  in  this 
respect,  there  must  be  great  differences  in  the  habits  of  the  species. 
In  travelling  by  night  on  railroads  in  the  middle  states,  I  have 
frequently  seen  in  low  and  moist  lands  near  the  road  many  thou- 
sands of  these  insects  (chiefly  Photuris  pensylvanica)^  which 
sparkled  and  twinkled  to  such  an  extent  that  one  might  imagine 
himself  on  the  Glittering  Heath  itself.  But  I  have  never  seen 
any  approach  to  a  rhythmic  effect  in  these  sparklings,  as  described 
in  the  books. 

»i  Trans.  Ent.  Soc.  London,  1880,  p.  60. 

*2  But  lo  I  at  the  last  a  glimmer,  and  a  light  from  the  West  there  came, 
And  another  and  another,  like  points  of  far  off  flame ; 

And  they  grew  and  brightened  and  gathered,  and  whiles  together  they  ran 
Like  tiie  moon-wake  over  the  waters,  and  whiles  tliey  were  scant  and  wan. 

—Sigurd  the  Volsung,  Book  ll,  p.  137. 

Prop,.  Ent.  Soc.  London,  1880,  p.  ii,  Mr,  McLachlan  .  .  "  had  at  that  time 
advanced  the  opinion  that  the  i)henomenon  in  question  might  be  caused  by  currents  of 
air  inducing  the  insects  to  simultaneously  cliange  their  direction  of  flight."  Sir  Sidney 
Saunders:  "The  simultaneous  character  of  these  corruscations  among  vast  swarms 
would  seem  to  depend  upon  an  intuitive  impulse  to  emit  tlieir  light  at  certain  intervals 
as  a  protective  influence,  whicli  intervals  became  assimilated  to  eacli  other  by  imitative 
emulation." 

Ibid.  p.  vii:  "Mr.  McLachlan,  in  connection  with  his  idea  of  the  supposed  con- 
temporaneous flashing  of  all  the  individuals  in  a  swarm  of  Lampyridie,  called  attention 
toflies  of  the  genus  ^?-^ym,  whicli  wiien  flying  exhibited  at  times  an  api)earance  similar 
to  that  of  small  snowflakes,  owing  to  the  silvery  pubescence  witli  wliich  part  of  tlie 
body  was  clothed,  but  wliich  was  observed  in  certain  positions,  and  especially  when  tlie 
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The  causes  to  which  this  singular  phenomenon  is  ascribed  are 
either  physical  or  physiological. In  order  that  my  readers  may 
give  these  views  due  weight,  I  have  cited  tliem  at  some  length  in 
the  foot-note.  My  own  impression  is  that  Mr.  Belt  and  Sir  Sidney 
Saunders  have  given,  between  them,  the  true  explanation  of  the 
rhythmic  exhibition  of  light,  and  apart  from  the  aesthetic  reali- 
zation in  nature  of  this  plan  of  making  night  glorious  by  the 
wonderful  brillianc}'  of  such  insignificant  objects  (upon  which  idea 
this  is  neither  the  time  nor  the  place  to  discourse),  it  is  primarily 
a  defence  of  the  insects  against  danger,  and  is  secondarily  caused 
by  that  tendency  to  act  in  concert  or  imitation  which  operates 
upon  all  sentient  beings.  This  tendency  may  be  equally  observed 
in  a  flock  of  sheep  following  its  leader,  a  school  room  of  hysterical 
girls,  a  political  meeting,  a  spiritistic  seance,  or  a  hyper-senti- 
mental religious  assemblage.  And  I  regard  all  these  occurrences, 
however  differing  in  the  importance  of  their  final  results,  as  indi- 
vidual instances  in  a  large  class  of  similar  phenomena,  caused  by 
aggregated  sympathy. 

1  would  therefore  agree  witli  Sir  Sidney  Saunders  and  Mr. 
Meldola  in  quite  rejecting  Mr.  McLachlan's  view  that  it  is  pro- 
duced b}'  a  change  in  position  of  the  insects  caused  b}^  currents 
of  air,  or  even  voluntaiy  movements  in  direction  of  flight. 

To  recur  to  the  process  by  which  the  light  is  produced,  I  would 
add  to  what  I  have  said  in  the  beginning  of  this  essay,  that  the 
chemical  processes  possible  in  the  bodies  of  Lampyridse  can  be 
scarcely  if  at  all  different  from  those  which  take  place  in  neighbor- 
insect  rested,  owing  to  the  pubescence  being  then  concealed;  he  thought  this  to  some 
extent  was  an  analogous  case  to  that  of  tlie  liglit  ol  swai  nis  of  LampyridiL'."  Sir  Sidney 
Saunders  observed  :  .  .  .  "  as  to  the  conleinporaneous  Hashes  ol  inyriads,  such  as 
are  more  frc<iuently  congregated  on  liie  calmest  nigiits,  surrounding  ()l)jectH,  previously 
involved  in  oljscnrity,  become  suddenly  illuminated  as  il"  by  electricity,  and  as  rapidly 
plunged  into  their  antecedent  gloom  at  alternate  intervals.  He  could  not  coiu-ur  in  the 
Ijypothesis  that  currents  «)f  air  had  any  (lonnection  witli  such  displays  or  exhibitions, 
when  not  a  l}r('ath  was  stirring  around;  nor  that  these  manifestations  miglit  b(!  evoked 
Ijy  sexual  innuenc(;s,  ami«l  vast  lioi-t-s  in.-tigat(!il  to  comljiiie  Muircin,  and  a(;t  In  unison. 
He  would  rather  attribute  this  ))henomenon  to  an  inherent  tentUmcy  to  emit  their  light 
from  linu;  to  time,  recjuiring  a  certain  amount  of  r(!pose  to  recruit  their  ])ower8 ;  and 
when  any  thus  suicharged  felt  intuitively  inspired  to  t;ik(;  the  initiative,  the  others- 
prompted  to  obey  a  corresponding  inlluence  — followed  such  suggestion  in  responsive 
Bcjuence."  Iliid,  p.  viii.  —  "  Mr.  Meldola  stated  that  Mr.  Thomas  Helt  (Naturalist  in 
Nicaragua,  ]>.  .'J.'O)  had  expressed  his  belief  that  the  luminosity  of  the  Lampyrida;  played 
the  same  part  as  th«;  brigiit  colors  o(  many  caterpillars,  i.  e.,  that  it  s<!rved  as  a  danger 
hlgiial.  warning  nocturnal  foes  of  the  inedibility  of  the  species  of  thin  family,  which  he 
had  found  to  be  generally  distaHteful  to  birds,  etc." 
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ing  and  closely  allied  tribes.  We  may  therefore  infer  from  the 
observations  of  Mr.  Meldola  that  the  ordinary  metamorphoses  of 
tissues,  by  the  aid  of  some  slight  modification  of  composition  and 
cellular  structure,  are  capable  of  evolving  light,  which  belongs  to 
the  upper  end  of  the  spectrum,  such  as  is  generally  significant  of 
the  highest  temperatures. 

It  is  therefore  the  more  extraordinary  to  find  in  these  insects 
light  of  a  high  order  not  dependent  on  elevation  of  temperature, 
and  consequent  waste  of  energy  in  heat.  For  it  must  be  observed, 
that  while  in  one  sense  heat  is  the  cause  of  all  the  phenomena  we 
perceive,  since  the}-  all  have  existence  only  within  certain  ranges 
of  temperature,  in  another  sense  heat  is  frequently  a  waste  pro- 
duct, and  the  only  one  by  which  the  dissemination  of  energy 
occurs  so  as  to  become  imperceptible. 

I  am  aware  that  the  sketch  I  have  here  given  of  the  present 
condition  of  our  knowledge  of  Lampyridae  has  been  written  to  the 
demonstration  of  m}^  own  ignorance  (and  that  of  all  other  students) 
in  regard  to  some  of  the  most  important  questions  involved.  But 
if  I  succeed  in  causing  you  to  look  upon  these  remarkable  insects 
with  more  interest  than  3'ou  have  previously  felt,  neither  my  time 
in  preparing,  nor  your  time  in  listening  to  this  essay,  will  have 
been  wasted. 

I  would  especially  invite  the  attention  of  the  j^ounger  observers 
in  entomology,  who  have  to  pass  through  the  labor  of  patient  field 
work  and  close  observation  of  habits,  before  they  can  ascend  with 
profit  to  the  higher  retirement  of  the  nmseum  and  the  librar}^, 
to  contribute  more  fully  to  our  knowledge  of  the  development  and 
habits  of  the  different  species. 

I  would  equally  ask  the  attention  of  my  colleagues,  who  by  long 
training  in  refined  experimental  research  are  qualified  for  such 
investigations,  to  the  solution  of  the  physical  and  chemical 
problems  suggested  by  the  singular  production  of  high  light 
without  heat  by  these  animals,  which  are  within  such  easy  reach. 
And  by  the  solution  of  these  problems  I  am  convinced  that  our 
knowledge  of  molecular  ph^'sics  will  be  increased,  and  our  powers 
of  theorizing  less  fettered  by  conventional  ideas. 
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The  Endocranil'm  and  Maxillart  Suspensorium  of  the  Bee. 
By  George  Macloskie,  of  Princeton,  N.  J. 
The  apodemes  formed  by  an  insect's  crust  may  be  either  fold- 
ings outwards  (exodemes),  or  involutions  extending  inwards  (en- 
dodemes),  or  modifications  of  the  chitinous  lining  of  the  alimen- 
tary tract  (splachnodemes).  8uch  processes  are  always  by  their 
nature  double  (including  the  outgoing  and  returning  plates),  and 
in  exodemes  (as  the  wing  of  a  bee  or  the  pleura  of  a  lobster), 
this  double  nature  is  maintained  by  interposed  nutritire  matter 
(like  the  meat  in  a  sandwich).  In  the  internal  foldings,  however, 
as  in  the  endoskeleton  of  insects,  there  is  usually  a  complete 
fusion  of  the  compound  parts. 

The  endocranium,  or  endoskeleton  of  the  head,  consists  of 
ridges,  pillars,  and  plates,  variously  disposed  in  different  orders 
of  insects,  yet  adhering  to  a  plan.  Its  central  part  when  appear- 
ing as  a  plate  is  usuall}'  termed  tentorium^  from  a  fancied  resem- 
blance to  the  structure  so  named  in  mammals.  The  necessity  of 
describing  and  comparing  together  these  parts  in  the  different 
groups  of  insects  will  be  apparent,  if  we  reflect  that  all  attempts 
to  evolve  the  embryology  of  an  insect's  head  presuppose  a  knowl- 
edge of  the  adult  structure,  inside  as  well  as  external. 

The  upper  part  of  a  bee's  cranium  consists  of 
three  pieces,  epicranium  (ec),  clypens  (c),  and 
labrum  (lr).  (See  fig.  3).  The  epicranium,  or 
crown,  extends  from  the  occipital  foramen,  up  the 
back  of  the  head  and  over  the  vertex,  to  a  trans- 
verse suture  in  front  of  the  antennae.  It  covers  the 
whole  roof  and  back  of  the  head,  and  is  medially 
separated  in  many  insects  (especially  larva,')  into  right  and 
left  divisions.  It  is  flanked  on  the  sides  V)y  the  large  compound 
eyes  (oc)  ;  it  bears  at  its  vertex  tlic  tliree  small  eyelets  ;  near 
its  front  margin  it  gives  insertion  to  tlie  antennai  (at)  ;  and  it 
is  continued  forwaid  on  the  sides  of  tlie  liead  by  tlie  genaj  (g). 
Tlic  epicranium  has  no  ajjodemes.  It  may  liave  a  few  ridges  on 
parts  subject  to  strains,  and  it  has  a  rim  aiound  tlie  large  eyes, 
and  tliickeningH  for  the  insertion  of  tlie  antennjK  ;  but  there  are  no 
Hucii  ridges  as  to  suggest  segmentation  in  this  region.  This 
agrees  with  Balfour's  conclusion  {Co7)rparalivAi  Kmhri)(A()(jy,  chap, 
xvii)  that  the  pio(  ('i)halic  region  does  not  correspond  with  the  pos- 
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terior  parts,  and  that  "the  antennae  can  hardly  be  considered  to 
have  the  same  morphological  value  as  the  succeeding  appendages." 

The  clypeus  or  "  face"  affords  insertion  at  its  lateral  borders  to 
the  mandibular  condyles,  whose  cup  belongs  rather  to  it  than  (as 
usually  stated)  to  the  genae.  It  is  strengthened  by  ridges  so  as  to 
bear  the  strain  of  these  appendages. ^  The  hind  border  of  the 
clypeus  bends  down  into  a  strong  transverse  ridge  whose  extrem- 
ities at  both  sides  give  insertion  to  the  tips  of  two  stout  endocra- 
nial  pillars  (mc  in  fig.  2).  These  pillars  (which  we  shall  term  the 
mesocephalic  [y'lWm^s)  descend  obliquely  downward  through  the 
cranial  cavitj',  and  have  their  lower  insertion  in  the  floor  of  the 


skull,  just  in  front  of  the  occipital  foramen.  They  are  shown  (mc) 
in  figures  2  and  3,  and  also  in  the  ant  in  figure  4. 

These  pillars  arise  by  strong  roots  from  the  most  rigid  part  of  the 
cranial  floor,  and  give  support  above  to  the  clypeus  which  has  to 
bear  the  mandibles.  They  also  afford  attachment  to  muscles  and 
.serve  to  limit  .the  delicate  organs  of  the  head.  Hence  a  bee's 
head  is  strong  though  its  shell  is  rather  thin.  Near  the  top  each 
pillar  divides  into  two  branches,  so  as  to  widen  the  surface  of,  in- 
sertion. In  the  ant*s  neck  I  observed  stout  tendons  so  placed  as 
to  antagonize  their  downward  thrust.^ 

1  Beetles  usually  have  the  maudibulai-  cup  in  a  process  descending  on  each  side  from 
the  clypeus:  but  in  Cotalpa  the  clypeus  is  turned  under  and  has  the  cups  on  its  angles. 

Burmeister  speaks  of  "  a  broad  ridg:e  from  the  lower  mar<i:in  of  the  occipital  aper- 
ture, whicli  is  prolonged  towards  the  frons  in  two  points."  He  seems  to  have  broken 
off  the  pillars  and  to  have  observed  only  their  inferior  fragments.  By  the  kindness  of 
Dr.  Hagen  my  attention  has  been  called  to  Di'.  O.  J.  B.  Wolff's  elaborate  essay  and 
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These  large  pillars  ascend  in  front  of  the  cerebral  brain-lobes, 
in  the  fossje  between  the  cerebral  mass  and  the  ophthalmic  lobes. 
They  thus  pass  between  the  ophthalmic  and  the  antennal  nerves  ; 
and  Dr.  Wolff  has  shown  that  near  their  base  the}^  give  insertion 
to  muscles  which  supply  the  antennse.  The  eyes,  being  very  large 
in  this  group  of  insects,  pass  forward  so  as  to  outflank  the  inser- 
tion of  the  antennae  and  these  pillars. 

Burmeister  assigns  no  endocranium  to  Diptera,  Hemiptera,  and 
Lepidoptera.  He  states  that  in  the  first  two  of  these  orders 
"the  head  is  a  mere  horny  bladder  without  any  internal  pro- 
cesses" (Manual  of  Entomology,  Shuckard's  Transl.,  p.  232). 
This  may  be  true  as  to  Muscidie  ;  but  I  have  elsewhere  tried  to 
show  that  the  basal  segment  of  the  proboscis  of  Muscidse  repre- 
sents the  endocranium,  then  become  an  evertible  pedestal  for  the 
proper  mouthparts.^  There  is  also  in  them  a  small  arch  thrown 
across  the  foramen  magnum,  corresponding  to  the  jugum  of  the 
bee  (as  named  by  Wolff).  In  other  Diptera,  as  the  Gadfly  and 
Mosquito,  I  find  a  pair  of  mesocephalic  pillars,  much  as  in  the 
bee  (in  addition  to  a  strong  pharynx-case  or  splaclmodeme,  sup- 
porting the  complex  oral  armature).  As  to  Hemiptera,  Burmeis- 
ter's  statement  is  onl}^  partially  correct.  The  Squash  bug  (Co- 
reus)  has  a  pair  of  processes  depending  from  the  clypeus  in  the 
style  of  the  upper  part  of  the  mesocephalic  pillars,  and  Cicada  has 
the  pillars  flattened  out  and  attached  to  the  sides  of  the  head  (the 
small  eyes  here  not  encroaching  on  their  province),  thus  explain- 
ing the  nature  of  the  mesocephalic  pillars  as  endodemes  or  invo- 
lutions of  the  side  wall  of  the  cranium. 

Lepidoptera  likewise  have  a  representative  of  these  structures, 
in  a  strong  sub-quadrate  frame  arising  in  front  of  the  occipital 
foramen,  and  reaching  forwards  to  near  the  roots  of  the  proboscis. 
The  Di-agon  fly  has  a  ridge  before  the  occipital  foramen,  sending 
up  processes  to  the  clypeal  region,  but  these  processes  are  broad- 
ened out  and  very  thin,  as  in  the  weak  and  smaller  elj'peus. 

The  maxillae  and  labium  of  insects  are  so  closely  connected  in 

dra\rinfCH  of  theboe'H  hoa<l  iti  N'ova  arid  Jjoop.  carol.,  xxxviii,  1.  While  in  many  points  lie 
lin»  ajilinipate'l  and  aflvanrod  i«;yon(l  wliat  I  have  attcMnptod,  he  has  I  Uiink  iMilci]  rii 
»omc  part  to  (;ut(;h  the  nieaniriK  of  what  lie  (l(?Hcrihe8.  TIiIh  seems  due  to  a  doxible 
defe<;t,  of  failiiiK  to  follow  np  the  varialioiiH  of  |»artH  in  oth(!r  Ki  oiips  of  iii.s<;etH,  and  of 
hUppoHhiK  that  lie  oiiKht  to  l  eproduee.  the  l>oneH  of  the  vertebrate  Mkiill  in  that  of  tho 
itihcct.  ThiH  hiht  fault  is  fatal  to  the  rer;eption  of  his  toriniuology,  as  where  he  terms 
the  ine8oee|»halle  |)illarH  allMplnjiioidH." 
•Amerieun  Nutiiralibt,  March,  1H71J. 
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their  mode  of  attachment  that  we  must  consider  them  together. 
In  the  bee  they  are  shing  upon  a  long  retractile  framework  with 
elbows  and  hinges.  I  shall  call  this  framework  the  "  maxillary 
suspensorinm  ; "  all  the  published  drawings  of  it  that  I  have  seen 
are  grossly  inaccurate,  save  that  of  Dr.WolfT,  and  even  he  seems  to 
have  missed  some  of  the  most  interesting  points.  The  basal  part, 
or  basicranial  rods  (br  in  fig.  5),  are  inserted  close  to  the  roots  of 
the  mesocephalic  pillars,  in  front  of  the  occipital  foramen.  The 
rods  run  forwards  towards  the  oral  opening,  the  basicranial  wall 
being  excavated  so  as  to  allow  them  full  play.  They  slightly  as- 
cend when  the  mouthparts  are  retracted  (br  in 
fig.  2),  and  are  nearly  horizontal  when  the 
proboscis  is  extended.  They  are  united  to  the 
rim  of  the  excavated  part  of  the  basis  cranii 
by  a  web  (just  as  the  mesocephalic  pillars  of 
Cicada  are  joined  to  the  sidewall).  They  are 
rigidly  inserted  at  their  roots,  and  are  slightly 
elastic  above,  while  their  motion  is  limited  by 
the  web."^  (The  two  basicranial  rods  are  bound 
to  each  other  by  a  still  more  delicate  web  which 
forms  the  limiting  wall  of  the  head  at  the  ex- 
cavated part,  and  yet  permits  the  play  of  the 
suspensorial  mechanism.) 

The  basicranial  rods  are  forked  at  their  distal 
extremities,  where  they  bear  a  pair  of  maxillary 
rami  (mr  in  fig.  5).  These  are  hinged  to  them 
by  a  \^\'Y  efficient  elbow-joint,  enabling  the 
rami  to  fold  downwards,  and  so  to  protrude  or 
retract  the  maxillae  which  the  rami  support. 
It  seems  to  me  that  these  rami  correspond  to  the  cardo  pieces 
of  the  maxillte  of  other  insects  (as  ca  in  fig.  6).  Tiie  name 
"cardo"  has  been  given  (by  Kirby)  to  what  I  term  the  labial 
rami  (bl,  fig.  5),  which  do  not  support  the  maxillae  and  are 
scarcely  represented  in  the  ant  (fig.  4).  It  is  safer  to  designate 
all  these  structures  by  terms  which  do  not  involve  a  theory. 

The  modus  operandi  of  the  maxillae  on  their  rami  is  note- 
worthy. Each  maxilla  has  a  flat  stipe  surmounted  by  a  lacinia 
resembling  a  knifeblade,  and  bearing  (in  the  honey  bee  a  rudi- 
mentary) palp  at  the  waist.    The  blade  can  bend  downwards  and 

<  An  engineering  friend  on  seeing  this  remarked,  that  it  involved  the  principle  of  a 
machine  lately  patented  for  producing  a  limited  and  steady  movement. 
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backwards  on  the  stipe  (see  fig.  2)  so  as  to  be  out  of  the  way  and 
to  let  the  stipe  project  as  a  flat  plate.  When  the  suspensorium  is 
retracted  the  two  maxill^e  are  thus  bent  down,  and  tlieir  platelike 
stipes  are  approximated,  furnishing  a  hard  nnderlip  for  the  mouth, 
upon  which  the  mandibles  pla}^  in  their  operations  (as  in  cutting 
a  piece  of  cork,  or  when  the  carpenter-bee  operates  on  wood). 
The  delicate  liniiting  membrane  which  extends  from  the  maxillary 
rami  to  the  maxillae  is  stretched  when  the  suspensorium  is  pro- 
truded and  thus  serves  to  divaricate  and  fix  the  maxillae. 

The  labial  rami  join  the  distal  end  of  the  maxillar}^  rami  with 
the  labium,  thus  giving  an  additional  joint,  and  a  hinge  which  can 
move  freely  backward  and  forward,  the  result  of  which  is  great 
play  to  the  parts  of  the  labium.  The  labium  consists  of  a  basal 
piece,  usuall}'  termed  submentum,  and  of  a  middle  piece,  usually 
called  mentum.  It  is  safer  to  refer  to  these  parts  respectively  as 
the  basilabium  and  medilabium.  The  distilabium  may  indicate 
collectively  the  parts  known  as  paraglossae,  labial  palps,  and 
ligule  (pG,  LF,  and  lg  of  figs.  4  and  5). 

Many  of  the  allies  of  the  bee  have  these  parts  so  simplified  as 
to  afford  instructive  hints  as  to  their  nature  and  relations.  In 
Stizus  grandis  (with  proboscis  scarcely  retractile)  the  basicranial 
rods  are  merel}^  high  ledges  upon  the  margins  of  the  excavated 
basicranium,  and  serving  for  insertion  of  the  maxillae.  The  ant 
(fig.  4)  has  only  one  basi-cranial  rod,  as  if  the  two  sides  of  the 
excavation  had  approximated  and  coalesced  into  a  regular  endo- 
deme.  Here  the  maxillary  rami  are  nearl}^  as  in  the  bee,  but  the 
labial  rami  are  almost  obsolete,  and  the  distalabial  parts  are 
much  condensed. 

The  series  of  gradations  tlins  presented  gives  promise  of  further 
discovery,  and  in  attempting  to  correlate  the  parts  of  insects  of 
different  types  I  have  fallen  on  some  interesting  revelations.  It  is 
at  this  part  that  Huxley's  otherwise  excellent  description  of  the 
cockroach  {Anatomy  of  the  Jnverteh rated  Animals^  chap,  vii,)  is 
specially  defective.  He  states  that  its  endocranium  extends  as 
a  cruciform  i)artition  fiom  the  inner  face  of  the  lateral  walls  of 
the  cranium  to  the  sides  of  the  occi)>ital  foramen,"  and  adds  that 
the  centre  of  the  cross  is  pierced  by  a  rounded  ai)erturp  through 
•wliich  the  circumcjoso|)hageal  nerve-collars  pass.  Fig.  G  will 
Bhow  how  vvid(;ly  it  differs  from  a  cruciform  pattern:  and  a  com- 
parison of  this  with  figs.  .*J  and  4  will  enable  us  to  inteipret  its 
Btructure.   Its  lateral  margins  answer  to  the  endocranial  pillars  of 
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the  bee.  Its  anterior  margin  is  the  transverse  ligament  which 
usually  binds  together  the  roots  of  the  mandibles,  and  prevents 
their  divarication.  These  parts  are  webbed  so  as  to  form  a  flat 
(or  broadly  grooved  plate)  excepting  at  the  centre  where  a  passage 
is  required  for  the  nerves.  In  the  Locust  the  lateral  pillars  ap- 
proximate more  closely  so  as  to  resemble  the  letter  x,  and  so  as 
to  confirm  the  interpretation  here  offered.  In  describing  the  max- 
illary adjustments,  Mr.  Huxley  seems  to  be  still  more  unsuc- 
cessful. He  states  that  the  maxillary  cardo  is  connected  with  "  a 
thin  band  which  runs  round  the  posterior  margin  of  the  epicra- 
nium  and  is  firmly  united  with  it  only  on  its  dorsal  side."  Thus 
he  regards  the  maxillae  as  inserted 
on  the  back  of  the  skull  through 
a  band  which  he  is  consequently^ 
compelled  to  regard  as  a  part  of 
the  cranial  wall. 

This  view,  if  sustained,  would 
clash  with  the  mode  of  suspension 
observed  in  the  bee,  where  the 
maxillae  have  endocranial  connec- 
tions with  the  basi-occipital  or 
ventral  region  of  the  skull.  A 
careful  examination  of  the  cock- 
roach has  convinced  us  that  here 
also  the  cardines  of  the  maxillae  rest  on  a  ridge  which  crosses  the 
basis-cranii  in  front  of  the  occipital  foramen,  and  that  it  is  only  a 
slender  ridge,  not  intimately  connected  with  the  maxillae,  which 
passes  round  like  a  rim  behind  this  foramen.  The  transverse  ridge 
which  supports  the  maxillae  of  the  cockroach  thus  turns  out  to  be 
only  a  simplified  variation  of  the  bee's  suspensorium. 

The  basi-cranial  region  of  coleoptera  seems  unwilling  to  be 
brought  into  line  with  the  same  part  in  other  insect  tribes :  and 
Gegenbaur  is  certainly  wrong  in  citing  them  as  an  instance  of 
insects  with  large  endocranium.  The  occipital  foramen  of  beetles 
is  arched  over  by  a  small  but  beautiful  framework,  which  may 
correspond  to  Wolflf's  jugum  at  the  root  of  the  bee's  mesocephalic 
pillars.  In  the  beetles  there  are  no  pillars  however,  at  least  in 
the  normal  situation ;  but  if  we  examine  the  clypeus  we  shall 
find  the  upper  ends  of  such  pillars,  with  ridges  descending  near 
the  outer  walls  to  the  anterior  basicranial  region  (to  the  sub- 
mentum)  ;  and  near  their  lower  end  the  maxillary  cardines  are 
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inserted.  This  may  indicate  that  the  beetle  has  the  usual  parts, 
but  resolved  so  as  to  give  the  long  mentum,  submentum,  and 
gula,  while  other  insects  have  all  these  parts  condensed  into 
the  complex  system  of  cross  ridges  in  advance  of  the  occipital 
foramen. 

Only  a  few  words  can  be  said  as  to  the  cranial  splachnodemes, 
or  that  part  of  the  endocranium  which  consists  of  hardenings 
of  the  pharynx.  The  mouth  is  floored  by  .a  stiff,  tongue-like 
plate  (Jiypopharynx  or  lingua^  to  be  distinguished  from  the  long 
ligule  or  tip  of  the  labial  proboscis).  This  hypopharynx  has  a 
large  number  of  small  perforations  which  Wolff  has  shown  to 
be  olfactory  :  it  receives  two  large  ducts  from  the  cephalic  sali- 
vary glands.^  From  the  posterior  end  of  the  hypopharynx  run 
back  two  long  rods,  barbed  on  one  side  at  their  extremities. 
Over  the  mouth  is  a  similar  but  simpler  epipharynx.  To  these 
chitinous  pieces  the  border  of  the  pharynx  is  attached,  and  they 
are  supplied  with  muscles.  If  we  open  the  bee's  mouth,  we 
shall  find  the  funnel-shaped  opening  kept  expanded  by  the 
epipharynx  above,  the  hypopharynx  below,  and  its  long  processes 
(faucial  processes  we  may  say)  at  the  sides.  All  these  hard 
structures  keep  open  the  soft  membrane  of  the  pharynx,  just 
as  a  naturalist's  dredge  is  kept  gaping  by  its  iron  armature. 
Tlie  piercing  insects  have  the  cranial  splachnodemes  developed 
into  a  strong  pharynx-case  which  emits  and  supports  the  pierc- 
ing setae. 

EXPLANATION  OF  CUTS. 


Fig.  1.— Internal  view  of  frontal  region  of  bee.  C,  clypeus:  EC,  epici-aninm  :  o,  gona: 
LK,  lal)rum  :  M  D,  mandible:  oc,  compound  eye:  AT,  innertion  of  antennas. 

Figs.  2.  and  3.— Lateral  and  pogterior  (diagrammatic)  views  of  head  of  bee.  MO, 
mesocephalic  pillars:  mi,  basicranial  rods:  M  u,  maxillary  ramus :  IJL, 
basilaljium:  Ml),  mandible:  MX,  maxilla  (its  blade  folded) :  AT,  antenna: 
ro,  occii)ital  foramen. 

Fig.  4.— M8,  Biispensorium  of  ant:  Mil,  its  maxillary  rami:  MX,  maxillae:  nr.,  basila- 
biiini:  M  r>,  mcdilabium :  I'G,  paraglosHac :  LO,  ligule:  Li',  labial  palp:  FO, 
o(;cipital  foramen  :  MG,  mesocepliallc/  i)illar8. 

Fig.  5. —  Itee'H  HUHpcnsorium  and  its  connections,  ini,  its  basi(5ranial  rods,  arising 
from  front  of  (F  o)  occipital  foramen:  M  li,  its  maxillary  rami,  Hupi)orting 
(MX)  maxillaj:  (ML)  basi  labium  :  ML,  etc.,  as  in  llg  4,  magnilled  .50  diame- 
ters.   ]{(;low  It  L  its  la))ial  rods  aro  seen. 

Fig.  fJ.— Endocranium,  etc.,  of  cockroach  (IJlatta).  KC,  endocranium  :  CA,car(lo:  MX, 
etc.,  as  in  flg.  4. 

''The  thoracic  saliv.'iry  glands  send  Uicir  hing  rluct  to  the  jrKidilabium  aii».l  thenc(!  to 
the  ligidc.  Carl  v,  Siebold  has  flinf,ov(!red  lhr<!(!  distinct  salivary  systems  in  the  bee, 
two  cephalic  and  oiio  thoracic.   {,Z(jolo(/int,  IbT.i,.  p.  'iAW. ). 
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SUB-ELYTRAL  AlR-PASSAGES  IN  COLEOPTERA.      By  CaRL  F.  GiSSLER, 

of  Brooklyn,  N.  Y. 

Tf.'E  rapidl}'  progressing  coloration  of  the  entire  integument  at 
the  time  of  transition  from  the  chr3^salis  into  the  imago-state,  the 
closing  chapter  in  ontogenesis,  is  partly  clue  to  the  photographic 
influence  of  light,  partly  to  an  oxidation  by  the  atmosphere,  pro- 
duced by  increased  activity  of  breathing  often  observed  in  the 
first  few  minutes  of  existence  as  imago.  By  the  fuller  breathing 
and  repeated  extending  of  the  wings  and  elytra  (by  lifting  the 
latter,  if  connate),  a  heightened  gas-exchange  is  made  possible  in 
the  still  semi-chitinized  integument. 

Another  thing  for  us  to  consider  in  the  elytron,  now  receiving 
the  finishing  touch,  is  its  pattern  and  sculpture  inherited  from  an- 
cestors and  often  varied  through  climatological  influences  as  well 
as  through  the  law  of  adaptation  and  the  phenomenon  of  mimicry. 
In  many  elytra  we  find  fine  pores  on  the  upper  side  and  in  others 
longitudinal  canals.  I  do  not  take  the  longitudinal  canals  of  the 
uppermost  layer,  the  cuticula,  for  tubes  with  walls  proper,  but 
regard  them  merely  as  lacunary  clefts,  the  spaces  through  which 
air  found  access  in  the  first  few  moments  of  existence  as  chrysalis 
solidifying  and  gluing  together  the  elementary  cells  of  the 
elytron. 

In  Opatrinus  and  Boletotlierus  we  find  a  small  elongate  "plate" 
produced  by  a  fold  of  the  matrix ;  it  is  more  (Opatrinus)  or  less 
(Boletotherus)  concave  and  occurs  on  the  inner  side  of  the  epi- 
pleurse,  about  in  the  middle  where  its  thinnest  margin  is  inflexed. 
This  inflection  is  an  arrangement  for  pleural  breathing.  The  fold 
occurs  especially  in  those  species  of  Coleoptera  where  the  epi- 
pleurse  are  wanting,  Buprestidse,  Curculionidse,  etc.,  and  is  called 
by  Dr.  Leconte  "inflexed  epipleural  fold."  He  says  its  object  is 
to  enable  the  insect  to  fix  the  elytra  and  body  firmly  together. 

In  man}^,  if  not  in  all  winged  Coleoptera,  we  also  find  a  small, 
more  or  less  circular  smooth  niche,  usually  near  the  inner  humeral 
bend  of  the  elytron,  undoubtedly  intended  for  fitting  into  the  wing 
and  holding  it  in  position.  The  inner  fold  may  be  called  "plica 
trachealis,"  the  niche  (excavation)  "fossa." 

The  plica,  often  running  parallel  with  the  external  epipleura, 
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pla3'S  undoubtedly  a  role  in  the  breathing  of  Coleoptora.  In 
many  cases  the  supply  of  air  is  brought  about  through  a  fissure, 
"  fissura  trachealis,"  usually  found  at  the  middle  of  the  epipleura 
or  through  a  groove  beginning  at  the  elytral  tip  and  opening  into 
the  sub-elytral  space  near  the  middle. 

In  Coleoptera  with  connate  elytra, —  Eleodes,  Embaphion,  Cur- 
culionidae, —  air  finds  access  by  an  occasional  flapping  of  the  last 
few  flexible  abdominal  segments  at  the  time  of  depositing  excre- 
ments, as  often  observed  by  me  in  Tenebrionidse,  Coccinellidse, 
etc. 

The  following  genera  have  been  examined  by  me  :  Opatrinus, 
Boletotherus,  Dyscinetus,  Euryomia,  Allorhina,  Cucujus,  Megalo- 
dacne,  Melanotus,  Alaus,  Coccinella,  Hylobius,  Eros,  Brachinus, 
Calosoma,  Galerita,  Carabus,  Lebia,  Byirhus,  Eleodes,  and  Am- 
phidora. 

Aberrations  have  been  noticed  to  occur  in  Cucujus  clavipes. 
Here  the  fissure  is  wanting.  Air  finds  access  through  a  deep,  lon- 
gitudinal median  groove,  along  the  dorsal  segments  of  the  abdo- 
men, extending  to  the  pygidium. 

Megalodaene  heros :  Pleural  fissure  faintly  indicated,  but  with  a 
thickened  light  brown  ridge  at  the  margin  of  the  broad,  black 
median  band.  Elytra  exteriorly  smooth  and  round,  lower  lamellae 
with  longitudinal  grooves  and  flat  interspaces.  This  arrangement 
represents  a  system  of  canals  extending  over  the  folded  wings, 
allowing  an  access  of  air  from  tip  of  the  elytra. 

Eros  fraternus:  Entire  integument  soft,  abdominal  segments 
lobe-like,  prominent  at  the  pleurte ;  thereby,  as  well  as  through 
the  anastomosing  elytral  facetations,  a  receptacle  for  air  is  formed 
in  this  flat  bark-beetle. 

In  Brachinus  and  Galerita  the  elytra  but  loosely  cover  the  ab- 
domen, therefore  requiring  less  developed  characters  in  the  elytra. 
In  Carabus  tiie  bod3'  is  wingless,  showing  therefore  a  capacious 
air-receptacle.    Elytral  characters  wanting. 

In  Labia  grandis^  a  l)aik-beetle,  the  epipleura  is  sudd(Mily  nar- 
rowed at  the  place  where  usually  the  fissure  is  found,  th(;  latter 
being  entirely  wanting.  About  fifteen  large  pores  are  found,  jxu'- 
for.'iting  the  elytron  and  running  "  s(^iiatim  "  from  near  the  hume- 
rus to  n(;ar  the  ext(!rr)al  emargination  of  elytral  tip. 

In  Byrrhus  a  duplicature  or  bead  runs  oil'  from  the  smooth 
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plica  to  the  posterior  end  forming  there  a  conspicuous  fissure. 
Tlie  connate  elytra  fit  nearl}^  hermetically  to  the  bod}^,  overlap- 
ping the  abdominal  segments.  Here  air  will  find  access  by  the^ 
occasional  flapping  of  the  last  three  or  four  segments  of  the 
abdomen,  which  is  also  the  case  in  Coccinella. 

FIG.  1. 


ELYTRON'  OF  BYRRHUs:  05,  epipletira;  b,  anterior  fossa;  c,  posterior,  concave, 
inflexed  portion,  or  plica. 


Two   NEW  USES   OF    IMPORTANT   INSECTICIDES.     By  A.    J.  CoOK, 

of  Lansing,  Mich. 

As  is  well  known,  there  is  scarcely  a  worse  pest  to  the  pomolo- 
gist  than  the  codling  moth,  Carpocapsa  Fomonella^  Linn.  Many 
thousand  dollars'  worth  of  our  fruit  is  consumed  annually  to  feed 
this  destroyer.  Tiie  mischief  done  is  augmented  from  the  fact 
that  the  best  preventive  hitherto  known  has  not  been  effective  until 
the  insect  destroyed  had  wrought  its  evil  work.  We  have  known 
no  way  to  destroy  the  moths,  but  could  only  capture  and  destroy 
the  larvaa  after  the  apples  Avere  eaten.  Last  winter  I  learned, 
from  Mr.  J.  S.  Woodward,  of  Lockport,  New  York,  that  trees 
thoroughly  treated  with  Paris  green,  about  the  20th  of  Ma}^,  bore 
fruit  which  was  wholly  exempt  from  the  ravages  of  the  "apple 
worm."  Acting  upon  this  suggestion,  I  sprayed  some  apple  trees 
the  25th  of  May  and  again  the  20th  of  June  ;  but  I  used  London 
purple,  arsenite  of  lime,  which  is  nearly  as  insoluble  in  water 
as  Paris  green.  I  used  one  pound  of  the  poison  to  one  hundred 
gallons  of  water.  The  trees  were  loaded  with  fruit ;  and  their 
fruit  has  lieen  seriously  injured  by  codling  moth  larvae  whenever 
tliey  have  borne  fruit  during  previous  years.  Careful  examination 
made  August  20th  of  this  year  disclosed  no  injured  apple.  A  few 
apples  showed  signs  of  the  previous  work  of  the  larvfe ;  but  as  no 
burrow  extended  for  more  than  one-fourth  of  an  inch,  no  harm 
was  done.    Other  apple  trees  a  few  rods  distant,  to  which  the 
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poisoned  liquid  was  not  applied,  are  bearing  fruit  one-fourth  to 
one-half  of  which  is  wormy.  From  the  slight  amount  of  tlie  poison 
applied  to  each  tree,  not  more  than  one-third  of  an  ounce,  the  cost 
of  the  remed}'  is  light.  Neither  do  I  apprehend  danger  from  its 
use  at  so  early  a  date.  To  one  portion  of  one  tree  I  applied  the 
poison  in  a  greater  quantity  than  was  necessary,  so  that  some  of  the 
foliage  was  killed.  On  the  19th  of  August,  I  cut  from  the  trees, 
wdiich  had  received  the  concentrated  mixture,  one  hundred  of  the 
blossom  ends,  the  part  where  the  poison  would  be  most  readily 
held,  and  submitted  them  to  Professor  Kedzie  for  chemical  analy- 
sis. No  trace  of  the  poison  was  found.  The  fact  that  this 
poison  is  now  extensively  used  in  the  West  to  destro}'  the  canker 
worm,  and  with  no  sign  of  evil,  sustains  the  argument  in  favor 
of  its  harmless  nature  so  far  as  the  fruit  is  concerned.  The  dan- 
ger of  poisoning  the  soil  is  a  matter  for  the  chemist  to  decide. 
If  future  experience  sustain  the  conclusions  as  to  the  efficiency 
of  this  remedy,  in  case  of  the  "apple  worm,"  it  will  be  an  impor- 
tant discover}'. 

Up  to  the  present  time  there  has  been  no  satisfactory  method 
of  figliting  such  pests  as  the  cabbage  maggot,  and  other  insects 
of  the  same  genus,  and  the  squash  borer.  The  late  Dr.  Walsh 
recommended  hot  water ;  this  has  proved  but  partially  successful. 
From  the  value  of  bisulphide  of  carbon  as  a  destroyer  of  museum 
pests,  and  from  its  efficacy  in  destroying  the  phylloxera  of  Europe, 
I  was  led  to  try  its  power  in  overcoming  our  subterranean  insect 
pests.  Both  my  pui)ils  and  myself  tried  experiments  with  the 
lia[)piest  results.  A  small  hole  was  made  in  the  earth  near  the 
main  root  of  the  plant,  by  use  of  a  walking  stick,  and  about 
fifteen  cubic  centimetres  of  the  liquid  were  poured  in,  and  the  hole 
quickly  filled  with  earth,  which  was  pressed  down  with  the  foot. 
In  every  case  the  insects  were  killed  without  injury  to  the  i)lants. 
I  believe  this  liquid  promises  satisfactory  results  in  fighting  the 
above  mentioned  insects,  the  peach  l)orer,  and  other  insects  which 
Rttack  the  roots  of  our  cultivated  plants.  We  nuist  reme/nber,  of 
course,  that  tiiis  liquid  is  very  volatile  and  the  vapor  exceedingly 
explosive. 
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Wyandotte  Government.    A  short  study  of  Tribal  Society. 

In  the  social  organization  of  the  Wyandottes  four  groups  are 
recognized — the  family,  the  gens,  the  phratry,  and  the  tribe. 

the  family. 

The  family  as  the  term  is  here  used  is  nearly  synonymous  with 
household.  It  is  composed  of  the  persons  who  occupy  one  lodge 
or,  in  their  permanent  wigwams,  one  section  of  a  communal 
dwelling.  These  permanent  dwellings  are  constructed,  in  an  ob- 
long form,  of  poles  interwoven  with  bark.  The  fire  is  placed  in 
line  along  the  center  and  is  usually  built  for  two  families,  one 
occupying  the  place  on  each  side  of  the  fire. 

The  head  of  the  family  is  a  woman. 

GENS. 

The  gens  is  an  organized  body  of  consanguineal  kindred  in  the 
female  line.  "The  woman  carries  the  gens,"  is  the  formulated 
statement  by  which  a  Wyandotte  expresses  the  idea  that  descent 
is  in  the  female  line.  Each  gens  has  the  name  of  some  animal — 
the  ancient  of  such  animal  being  its  tutelar  god.  Up  to  the  time 
when  the  tribe  left  Ohio,  eleven  gentes  were  recognized,  as  fol- 
lows :  — 

Deer,  Bear,  Highland  turtle  (striped).  Highland  turtle  (black), 
Mud  turtle.  Smooth  large  turtle,  Hawk,  Beaver,  Wolf,  Sea  Snake, 
and  Porcupine. 
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In  speaking  of  an  individual  he  is  said  to  be  a  Wolf,  a  Bear,  or  a 
Deer  as  the  case  may  be,  meaning  thereby  that  he  belongs  to  that 
gens ;  but  in  speaking  of  the  body  of  people  comprising  a  gens 
they  are  said  to  be  relatives  of  the  Wolf,  the  Bear,  or  the  Deer, 
as  the  case  may  be. 

There  is  a  bod}^  of  names  belonging  to  each  gens  so  that  each 
person's  name  indicates  the  gens  to  which  he  belongs.  These 
names  are  derived  from  the  characteristics,  habits,  attitudes,  or 
mythologic  stories  connected  with  the  tutelar  god. 

The  following  schedule  presents  the  name  of  a  man  and  woman 
in  each  gens  as  illustrating  this  statement. 


Indian. 

English. 

Man  of  deer  gens 

—  De-wa-ti-re 

=  Lean  deer. 

"Woman  of  deer  gens 

—  A-ya-jin-ta 

=  Spotted  fawn. 

Man  of  bear  " 

—  A-tu-e-tes 

=  Long  claws. 

Woman  of  bear  *' 

—  Tsa-man'-da-ka-g' 

=  Grunting  for  her 

young. 

Man  of  striped  turtle  gens 

—  Ta-ha'-soii-ta-ra-ta-se=  Going  around 

the  lake. 

Woman  of 

—  Tso-we-yiin-kyn 

=  Gone  from  the 

water. 

Man  of  mud  turtle  gens 

—  Sha-yan-tsu-wat' 

=  Hard  skull. 

Woman  of  mud  turtle  gens 

—  Yan-dash-slm-rjis 

=  Finding  sand 

beach. 

Man  of  smooth  large  turtle  gens —  Hu"  '-du-cu-ta 

=  Throwing  sand. 

Woman  of"       "       *'  " 

—  Tsu-ca-en' 

=  Slow  walker. 

Man  of  Wolf  gens 

—  Ha-ro'-un-yu 

=  One  who  goes 

about  in 

the  dark  a  prowler. 

Woman  of  Wolf  gens 

—  Ya"-di-no 

=  Always  hungry. 

Mixn  of  Snake  gens 

—  Hu-ta-hu'-sa 

=  Sitting  in  curled 

position. 

Woman  of  Snake  gens 

—  Di-je-rons 

c=  One  who  ripples 

the  water. 

Man  of  T'orcupine  " 

—  Ilan-du'-tun 

t=  The    one  who 

puts  up  quills. 

Woman  of   "  " 

—  Ke'-ya-runs-kwa 

t=  Good  sighted. 

THE  PIIRATRY. 

There  are  four  pliratries  in  tlie  tri))e  —  the  three  gentes,  bear, 
d(;er,  and  striped  turtle  constituting  tlie  fust;  the  highland  turtle, 
black  turtle,  and  smooth  large  turtle  tlie  second  ;  the  hawk,  beaver 
and  wolf,  the  thiid  ;  and  the  sea  snake  and  i)orcupine  the  fourth. 
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This  unit  in  their  organizations  has  a  inythologic  basis  and  is 
chiefly  used  for  religious  purposes,  in  the  preparation  of  medicines, 
and  in  festivals  and  games.  • 

The  eleven  gentes  as  four  phratries  constitute  the  tribe. 

Such  is  the  social  organization  of  the  W3'andottes. 

Each  gens  is  a  body  of  consanguineal  kindred  in  the  female  line, 
and  each  gens  is  allied  to  other  gentes  by  consanguineal  kinship 
through  the  male  line,  and  by  affinity  through  marriage. 

To  be  a  member  of  the  tribe  it  is  necessary  to  be  a  member  of 
a  gens  ;  to  be  a  member  of  a  gens  it  is  necessary  to  belong  to 
some  family  ;  and  to  belong  to  a  family  a  person  must  have  been 
born  in  the  family  so  that  his  kinship  is  recognized  ;  or  he  must 
be  adopted  into  a  family  and  become  a  son,  brother,  or  some  defi- 
nite relative  ;  and  this  artificial  relationship  gives  him  the  same 
standing  as  actual  relationship  in  the  famil}',  in  the  gens,  in  the 
phratry,  and  in  the  tribe. 

Thus  the  tribe  is  a  body  of  kindred. 

Of  the  four  groups  thus  described,  the  gens,  the  phratry,  and 
the  tribe  constitute  the  series  of  organic  units  ;  the  family  or 
household  as  here  described  is  not  a  unit  of  the  gens  or  phratry 
as  two  gentes  are  represented  in  each  —  the  father  must  belong  to 
one  gens  and  the  mother  and  her  children  to  another. 

GOVERNMENT. 

Society  is  maintained  by  the  establishment  of  government,  for 
rights  must  be  recognized  and  duties  performed. 

In  this  tribe  there  is  found  a  complete  differentiation  of  the 
militar}'  from  the  civil  government. 

CIVIL  G0VERN3IENT. 

The  civil  government  inheres  in  a  S3-8tem  of  councils  and  chiefs. 

In  each  gens  there  is  a  council  composed  of  four  women  called 
Yu-wai'-yu-\va'-na. 

These  four  women  councillors  select  a  chief  of  the  gens  from 
its  male  members  —  that  is  from  their  brothers  and  sons.  This 
gentile  chief  is  the  head  of  the  gentile  council. 

The  council  of  the  tribe  is  composed  of  the  aggregated  gentile 
councils.  The  tribal  council  therefore  is  composed  one-fiflh  of 
men  and  four-fifths  of  women. 
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The  sachem  of  the  tribe  or  tribal  chief  is  chosen  by  the  chiefs 
of  the  gentes. 

There  is  sometimes  a  grand  council  of  the  gens  composed  of 
the  councillors  of  tlie  gens  proper  and  all  the  heads  of  house- 
holds and  leading  men  —  brothers  and  sons. 

There  is  also  sometimes  a  grand  council  of  the  tribe  composed 
of  the  council  of  the  tribe  proper  and  the  heads  of  households  of 
the  tribe  and  all  the  leading  men  of  the  tribe. 

These  grand  councils  are  convened  for  special  purposes. 

METHODS  OF   CHOOSING  AND  INSTALLING  COUNCILLORS  AND  CHIEFS. 

The  four  women  councillors  of  the  gens  are  chosen  by  the  heads 
of  households  —  themselves  being  women.  There  is  no  formal 
election,  but  frequent  discussion  is  had  over  the  matter  from  time 
to  time  in  which  a  sentiment  grows  up  within  the  gens  and 
throughout  the  tribe  that  in  the  event  of  the  death  of  any  coun- 
cillor a  certain  person  will  take  her  place. 

In  this  manner  there  is  usually  one,  two,  or  more  potential 
councillors  in  each  gens  who  are  expected  to  attend  all  the  meet- 
ings of  the  council  though  they  take  no  part  in  the  deliberations 
and  have  no  vote. 

When  a  woman  is  installed  as  councillor  a  feast  is  prepared  by 
the  gens  to  which  she  belongs  and  to  this  feast  all  the  members  of 
the  tribe  are  invited.  The  woman  is  painted  and  dressed  in  her 
best  attire  and  the  sachem  of  the  tribe  places  upon  her  head  the 
gentile  chaplct  of  feathers  and  announces  in  a  formal  manner  to 
tlie  assembled  guests  that  the  woman  has  been  chosen  a  coun- 
cillor. The  ceremony  is  followed  by  feasting  and  dancing  often 
continued  late  into  the  night. 

The  gentile  chief  is  clioscn  b}^  the  council  women  after  consulta- 
tion witii  the  other  women  and  men  of  the  gens.  Often  the  gen- 
tile chief  is  a  potential  chief  tiirongh  a  period  of  probation. 
During  this  time  he  attends  the  meetings  of  the  council  but  takes 
no  part  in  their  deliberations  and  lias  no  vote. 

At  his  installation  the  council  women  invest  him  with  an  elabor- 
ately ornamented  tunic,  place  upon  his  head  a  chaplet  of  feathers, 
and  paint  tiie  gentile;  totem  on  his  face.  The  sachem  of  the  tribe 
then  announces  to  tiie  p(!Ople  that  the  man  has  been  made  chief  of 
the  gens  and  admitted  to  tlie  council.  This  is  also  followed  by  a 
festival. 
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The  sachem  of  the  tribe  is  selected  by  the  men  belonging  to  the 
council  of  the  tribe.  Formerl}'  the  sachemship  inhered  in  the  bear 
gens  but  at  present  he  is  chosen  from  the  deer  gens  from  the  fact, 
as  the  W3'andottes  sa}^,  that  death  has  carried  away  all  the'  wise 
men  of  the  bear  gens. 

The  chief  of  the  wolf  gens  is  the  herald  and  sheriff  of  the  tribe. 
He  superintends  the  erection  of  the  council  house  and  has  the  care 
of  it.  He  calls  the  council  together  in  a  formal  manner  when 
directed  by  the  sachem.  He  announces  to  the  tribe  all  the  decis- 
ions of  the  council  and  executes  the  directions  of  the  council  and 
of  the  sachem. 

Gentile  councils  are  held  frequentl}"  from  day  to  day  and  from 
week  to  week  and  are  called  by  the  chief  whenever  deemed  neces- 
sar}'.  When  matters  before  the  council  are  considered  of  great 
importance  a  grand  council  of  the  gens  may  be  called. 

The  tribal  council  is  held  regularly  on  the  night  of  the  full  moon 
of  each  lunation  and  at  such  other  times  as  the  sachem  may  de- 
termine ;  but  extra  councils  are  usually  called  by  the  sachem  at 
the  request  of  a  number  of  councillors. 

Meetings  of  the  gentile  councils  are  very  informal ;  but  the 
meetings  of  the  tribal  councils  are  conducted  with  due  ceremony. 

When  all  the  persons  are  assembled  the  chief  of  the  wolf  gens 
calls  them  to  order,  fills  and  lights  a  pipe,  sends  one  puff  of  smoke 
to  the  heavens  and  another  to  the  earth.  The  pipe  is  then  handed 
to  the  sachem  who  fills  his  mouth  with  smoke  and,  turning  from 
left  to  right  with  the  sun,  slowly  puffs  it  out  over  the  heads  of  the 
councillors  who  are  sitting  in  a  circle.  He  then  hands  the  pipe  to 
the  man  on  his  left  and  it  is  smoked  in  turn  by  each  person  until 
it  has  been  passed  around  the  circle. 

The  sachem  then  explains  the  object  for  which  the  council  is 
called.  Each  person  in  the  way  and  manner  he  chooses  tells  what 
he  thinks  should  be  done  in  the  case.  If  a  majority  of  the  coun- 
cil is  agreed  as  to  action  the  sachem  does  not  speak  but  mtiy 
simply  announce  the  decision.  But  in  some  cases  there  may  be 
protracted  debate  which  is  carried  on  with  great  deliberation. 
In  case  of  a  tie  the  sachem  is  expected  to  speak. 

It  is  considered  dishonorable  for  any  man  to  reverse  his  decision 
after  having  spoken. 

Such  are  the  organic  elements  of  the  Wyandotte  government. 
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Functions  of  Civil  Government. 

It  is  the  function  of  government  to  preserve  rights  and  enforce 
the  performance  of  duties.  Rights  and  duties  are  correlative. 
Rights  imply  duties,  and  duties  imply  rights.  The  right  inhering 
in  the  party  of  the  first  part  imposes  a  duty  on  the  party  of  the 
second  part.  The  right  and  its  correlative  duty  are  inseparable 
parts  of  a  relation  that  must  be  maintained  by  government ;  and 
the  relations  which  governments  are  established  to  maintain  may 
be  treated  under  the  general  head  of  rights. 

In  Wyandotte  government  these  rights  may  be  classed  as  fol- 
lows :  — 

First:  —  Rights  of  Marriage. 

Second  :  —  Rights  to  names. 

Third  : — Rights  to  personal  adornments. 

Fourth  :  —  Rights  of  order  in  encampments  and  migrations. 

Fifth: — Rights  of  property. 

Sixth: — Rights  of  person. 

Seventh  : — Rights  of  community. 

Eighth:  —  Rights  of  religion. 

To  maintain  rights,  rules  of  conduct  are  established,  not  by 
formal  enactment  but  by  regulated  usage.  Such  custom-made  laws 
may  be  called  regulations. 

Marriage  Regulations. 

Marriage  between  members  of  the  same  gens  is  forbidden,  but 
consanguineal  marriages  between  persons  of  different  gentes  are 
permitted. 

For  example,  a  man  may  not  many  hi.*}  mother's  sister's  daugh- 
ter as  she  belongs  to  the  same  gens  with  himself ;  but  he  can 
marry  his  father's  sister's  daughter  because  she  belongs  to  a  dif- 
ferent gens. 

Husbands  retain  all  their  rights  and  i)rivilege8  in  their  own 
gentes  though  they  live  witii  the  gentes  of  their  wives.  Children, 
iri  espective  of  hcx,  belong  to  the  gens  of  the  motiier.  Men  and 
women  must  marry  witiiin  tiie  tribe.  A  womaji  taken  to  wife  from 
witiiout  tiic  tribe  must  fhst  lie  adopted  into  some  family  of  a  gens 
other  than  that  to  which  the  man  belongs.    That  a  woman  may 
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take  for  a  husband  a  man  without  the  tribe,  he  must  also  be  adopt- 
ed into  the  family  of  some  gens  other  than  that  of  the  woman. 
What  has  been  called  by  some  ethnologists  endogamy  and  exog- 
amy are  correlative  parts  of  one  regulation,  and  the  Wyandottes, 
like  all  other  tribes  of  which  we  have  any  knowledge  in  North 
America,  are  both  endogamous  and  exogamous. 

Polygamia  is  permitted,  but  the  wives  must  belong  to  different 
gentes.  The  first  wife  remains  the  head  of  the  household.  Poly- 
andria  is  prohibited.  A  man  seeking  a  wife  consults  her  mother, 
sometimes  directly  and  sometimes  through  his  own  mother.  The 
mother  of  the  girl  advises  with  the  women  councillors  to  obtain 
their  consent,  and  the  young  people  usually  submit  quietly  to  their 
decision.  Sometimes  the  women  councillors  consult  with  the 
men. 

When  a  girl  is  betrothed,  the  man  makes  such  presents  to  the 
mother  as  he  can.  It  is  customary  to  consummate  the  marriage 
before  the  end  of  the  moon  in  which  the  betrothal  is  made. 
Bridegroom  and  bride  make  promises  of  faithfulness  to  the  par- 
ents and  women  councillors  of  both  parties.  It  is  customary  to 
give  a  marriage  feast  in  which  the  gentes  of  both  parties  take 
part.  For  a  short  time  at  least,  bride  and  groom  live  with  the 
bride's  mother  or  rather  in  the  original  household  of  the  bride. 

The  time  when  they  will  set  up  housekeeping  for  themselves 
is  usually  arranged  before  marriage. 

In  the  event  of  the  death  of  the  mother  the  children  belong  to 
her  sister  or  to  her  nearest  female  kin,  the  matter  being  settled  by 
the  council  women  of  the  gens.  As  the  children  belong  to  the 
mother,  on  the  death  of  the  father  the  mother  and  children  are 
cared  for  by  her  nearest  male  relatives  until  subsequent  marriage. 

NAME  REGULATIONS. 

It  has  been  previousl}'  explained  that  there  is  a  body  of  names 
the  exclusive  property  of  each  gens.  Once  a  year,  at  the  green- 
corn  festival,  the  council  women  of  the  gens  select  the  names  for 
the  children  born  during  the  previous  year,  and  the  chief  of  the 
gens  proclaims  these  names  at  the  festival.  No  person  may 
change  his  name,  but  every  person,  man  or  woman,  by  honorable 
or  dishonorable  conduct,  or  b}'^  remarkable  circumstance  may  win 
a  second  name  commemorative  of  deed  or  circumstance,  which  is 
a  kind  of  title. 
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REGULATIONS  OF  PERSONAL  ADORNMENT. 

Each  class  has  a  distinctive  method  of  painting  the  face,  a  dis- 
tinctive chaplet  to  be  worn  the  gentile  chief  and  council  women 
when  they  are  inaugurated,  and,  subsequently,  at  festival  occa- 
sions, and  distinctive  ornaments  for  all  its  members  to  be  used 
.at  festivals  and  religious  ceremonies. 

REGULATIONS  OF  ORDER  IN  ENCAMPMENT  AND  MIGRATIONS. 

The  camp  of  the  tribe  is  in  an  open  circle,  or  horseshoe,  and  the 
gentes  camp  in  the  following  order,  beginning  on  the  left,  and 
going  around  to  the  right : — 

Beer,  Bear,  Highland  Turtle  (striped),  Highland  Turtle  (black), 
Mud  Turtle,  Smooth  large  Turtle,  Hawk,  Beaver,  Wolf,  Sea 
Snake^  Porcupine. 

The  order  in  which  the  households  camp  in  the  gentile  group  is 
regulated  by  the  gentile  councillors,  and  adjusted  from  time  to 
time  in  &uch  a  manner  that  the  oldest  family  is  placed  on  the  left 
and  the  j^oungest  on  the  right.  In  migrations  and  expeditions 
the  order  of  travel  follows  the  analog}'  of  encampment. 

PROPERTY  RIGHTS. 

"Within  the  area  claimed  by  the  tribe  each  gens  occupies  a 
smaller  tract  for  the  purpose  of  cultivation.  The  right  of  the  gens 
to  cultivate  a  particular  tract  is  a  matter  Fettled  in  the  council  of 
the  tribe,  and  the  gens  may  abandon  one  tract  for  another  only 
with  tlie  consent  of  the  tribe.  Tiie  women  councillors  partition 
the  gentile  land  among  the  householders  and  the  houscliold  tracts 
are  distinctly  marked  by  them.  The  ground  is  repartitioned  once 
in  two  years. 

The  heads  of  houseliolds  are  responsible  for  the  cultivation  of 
the  tract,  and  should  tliis  duty  be  neglected  the  council  of  the  gens 
calls  tiie  n^sponsiblc  parti(!S  to  account. 

Cultivation  is  communal  ;  that  is,  nil  of  the  a1)lc-])odiod  women 
of  the  gens  take  p;u  t  in  the  cultivation  of  each  hous(!hold  tract  in 
the  followijjg  manner: — 

The  h(!ad  of  tJie  hf)U8chold  sends  lier  ])rother  or  son  into  tlic 
for(;st  or  to  the  stream  to  bring  in  game  or  fish  for  a  feast;  then 
the  able-bodied  women  of  the  gens  are  invited  to  assist  in  the 
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cultivation  of  the  land,  and  when  this  work  is  done  a  feast  is 
given. 

The  wigwam  or  lodge  and  all  articles  of  the  household  belong 
to  tlie  woman  —  the  head  of  the  household  —  and  at  her  death  are 
inherited  by  her  eldest  daughter,  or  nearest  of  female  kin.  The 
matter  is  settled  by  the  council  women.  If  the  husband  die  his 
propert}^  is  inherited  b}^  his  brother  or  his  sister's  son,  except  such 
portion  as  may  be  buried  with  him.  His  property  consists  of  his 
clothing,  hunting  and  fishing  implements,  and  such  articles  as  are 
used  personally  b}^  himself. 

Usually  a  small  canoe  is  the  individual  property  of  the  man. 
Large  canoes  are  made  by  the  male  members  of  the  gentes  and 
are  the  property  of  the  gentes. 

RIGHTS   OF  PERSONS. 

Each  individual  has  a  right  to  freedom  of  person  and  security 
from  personal  and  bodily  injurj^,  unless  adjudged  guilty  of  crime 
b}^  proper  authority. 

COMMUNITY  RIGHTS. 

Each  gens  has  the  right  to  the  services  of  all  its  women  in  the 
cultivation  of  the  soil.  Each  gens  has  the  right  to  the  service  of 
all  of  its  male  members  in  avenging  wrongs,  and  the  tribe  has 
the  right  to  the  service  of  all  its  male  members  in  time  of  war. 

RIGHTS  OF  RELIGION. 

Each  phratry  has  the  right  to  certain  religious  ceremonies  and 
the  preparation  of  certain  medicines. 

Each  gens  has  the  exclusive  right  to  worship  its  tutelar  god, 
and  each  individual  has  the  exclusive  right  to  the  possession  and 
use  of  a  particular  amulet. 

CRIMES. 

The  violations  of  rights  are  crimes.  Some  of  the  crimes  rec- 
ognized by  the  Wj^andottes  are  as  follows  : — 

1.  Adultery.  4.  Murder. 

2.  Theft.  5.  Treason. 

3.  Maiming.  6.  Witchcraft. 

A  maiden  guilty  of  fornication  may  be  punished  by  her  mother 
or  female  guardian,  but  if  the  crime  is  flagrant  and  repeated  so  as 
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to  become  a  matter  of  general  gossip,  and  the  mother  fails  to  cor- 
rect it,  the  matter  may  be  taken  up  by  the  council  women  of  the 
gens. 

A  woman  guilty  of  adultery,  for  the  first  offence  is  punished  by 
having  her  hair  cropped  ;  for  repeated  offences  her  left  ear  is  cut 
off. 

THEFT. 

The  punishment  for  theft  is  twofold  restitution.  When  the 
prosecutor  and  prosecuted  belong  to  the  same  gens,  the  trial  is 
before  the  council  of  the  gens,  and  from  it  there  is  no  appeal.  If 
the  parties  involved  are  of  different  gentes,  the  prosecutor, 
through  the  head  of  his  household,  lays  the  matter  before  the 
council  of  his  own  gens  ;  by  it  the  matter  is  laid  before  the  gen- 
tile council  of  the  accused  in  a  formal  manner.  'J  hereupon  it  be- 
comes the  duty  of  the  council  of  the  acciised  to  investigate  the 
facts  for  themselves,  and  to  settle  the  matter  with  the  council  of 
the  plaintiff.  Failure  thus  to  do  is  followed  by  retaliation  in  the 
seizing  of  any  property  of  the  gens  which  may  be  found. 

MAIMING. 

Maiming  is  compounded,  and  the  method  of  procedure  in  pros- 
ecution is  essentially  the  same  as  for  theft. 

MURDER. 

In  tlie  case  of  murder,  if  both  parties  are  members  of  the  same 
gens,  tlie  matter  is  tried  b}'  the  gentile  council  on  complaint  of 
the  head  of  the  household,  but  there  may  be  an  appeal  to  the 
council  of  the  tribe.  Where  the  parties  belong  to  different  gen- 
tes, complaint  is  formally  made  by  the  injured  party,  through  the 
chief  of  Ills  gens  in  tlie  following  manner: 

A  wooden  tal>let  is  prepared  upon  which  is  inscribed  the  totem 
or  heraldic  emblem  of  the  injured  man's  gens,  and  a  picture- 
writing  setting  foitli  the  ofr(;nc(;  follows. 

The  gentile  chi(!f  R\)\H:ii]'H  before  the  chief  of  the  council  of  tfic 
gens  of  the  offender,  and  formally  states  the  olJence,  explaining 
the  j)ict lire-writing,  which  is  then  deliver<;d. 

A  council  of  the  oinjndci'H  gens  is  tli(!i<;npon  called  and  a  trial 
is  h(!ld.  It  is  the  duly  of  tiiis  (;(;iincil  t(;  (ixuniine  the  evichi^nce 
for  tlieinselves  and  to  conic  to  a  conclusion  without  further  pre- 
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sentation  of  the  matter  on  the  part  of  the  person  aggrieved. 
Having  decided  the  matter  among  themselves  they  appear  before 
the  chief  of  the  council  of  the  aggrieved  party  to  offer  compen- 
sation. 

If  the  gens  of  the  offender  fails  to  settle  the  matter  with  the 
gens  of  the  aggrieved  party,  it  is  the  duty  of  his  nearest  relative 
to  avenge  the  wrong.  Either  part^^  may  appeal  to  the  council  of 
the  tribe-  The  appeal  must  be  made  in  due  form,  by  the  presen- 
tation of  a  tablet  of  accusation. 

Inquiry  into  the  effect  of  a  failure  to  observe  prescribed  for- 
malities developed  an  interesting  fact.  In  procedure  against 
crime,  failure  in  formality  is  not  considered  a  violation  of  the 
rights  of  the  accused,  but  proof  of  his  innocence.  It  is  consid- 
ered supernatural  evidence  that  the  charges  are  false.  In  trials 
for  all  offences,  forms  of  procedure  are,  therefore,  likely  to  be  ear- 
nestly questioned. 

TREASON. 

Treason  consists  in  revealing  the  secrets  of  the  medicine  prep- 
arations, or  giving  other  information  or  assistance  to  enemies  of 
the  tribe,  and  is  punished  by  death.  The  trial  is  before  the  coun- 
cil of  the  tribe. 

WITCHCRAFT. 

Witchcraft  is  punished  by  death  (stabbing,  tomahawking,  or 
burning).  Charges  of  witchcraft  are  investigated  by  the  grand 
council  of  the  tribe.  When  the  accused  is  adjudged  guilty  he 
may  appeal  to  supernatural  judgment.  The  test  is  by  fire.  A 
circular  fire  is  built  on  the  ground  through  which  the  accused 
must  run  from  east  to  west,  and  then  from  north  to  south.  If  no 
injury  is  received  he  is  adjudged  innocent ;  if  he  falls  into  the  fire 
he  is  adjudged  guilty.  Should  a  person  accused,  or  having  the 
general  reputation  of  practising  witchcraft,  become  deaf,  blind, 
or  have  sore  eyes,  earache,  headache,  or  other  diseases  considered 
loathsome,  he  is  supposed  to  have  failed  in  practising  his  arts  upon 
others,  and  to  have  fallen  a  victim  to  them  himself.  Such  cases 
are  most  likely  to  be  punished. 
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OUTLAWRY. 

The  institution  of  outlawry  exists  among  the  Wyandottes  in  a 
peculiar  form.  An  outlaw  is  one  who  by  his  crimes  has  placed 
himself  without  the  protection  of  his  clan.  A  man  can  be  de- 
clared an  outlaw  by  his  own  clan  who  thus  publish  to  the  tribe 
that  they  will  not  defend  him  in  case  he  is  injured  by  another. 
But  usually  outlawry  is  declared  only  after  trial  before  the  tribal 
council. 

The  method  of  procedure  is  analogous  to  that  in  case  of  mur- 
der. When  the  person  has  been  adjudged  guilty  and  sentence  of 
outlawry  declared,  it  is  the  duty  of  the  chief  of  the  Wolf  clan  to 
make  known  the  decision  of  the  council.  This  he  does  by  appear- 
ing before  each  clan  in  the  order  of  its  encampment,  and  declaring 
in  terms  the  crimes  of  the  outlaw  and  the  sentence  of  outlawry 
which  may  be  either  of  two  grades. 

In  the  lowest  grade  it  is  declared  that  if  the  man  shall  there- 
after continue  in  the  commission  of  similar  crimes  it  will  be  law- 
ful for  any  person  to  kill  him,  and  if  killed,  rightfully  or  wrong- 
fully, his  clan  will  not  avenge  his  death. 

Outlawry  of  the  highest  degree  makes  it  the  duty  of  any  mem- 
ber of  the  tribe  who  may  meet  with  the  offender  to  kill  him. 

MILITARY  GOVERNMENT. 

The  management  of  military  affairs  inheres  in  the  military 
council  and  chief;  the  military  council  is  composed  of  all  the 
able-bodied  men  of  the  tribe  ;  the  military  chief  is  chosen  by  the 
council  from  the  Porcupine  gens.  Each  gentile  chief  is  respon- 
sible for  the  military  training  of  the  youtii  under  his  authority. 
Tliere  is  usually  one  or  more  potential  military  chiefs  who  are  the 
close  conjpanions  and  assistants  of  the  chief  in  time  of  war,  and 
in  case  of  the  death  of  the  ciiief  take  his  place  in  the  order  of 
fteniorit}'. 

Pj  isoners  of  war  are  adopted  into  the  tri))c  or  killed.  To  ])e 
adopted  into  the  tribe  it  is  necessary  that  the  prisoner  should  bo 
adopted  into  some  fjitnily. 

The  wai  i  ior  taking  the  [>ri80iier  has  the  first  right  to  adopt  him, 
and  his  male  or  female  relations  have  the  right  in  the  order  of 
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their  kinship.  If  no  one  claim  the  prisoner  for  this  purpose  he 
is  caused  to  run  the  gauntlet  as  a  test  of  his  courage. 

If  at  his  trial  he  behaves  manfully,  claimants  are  not  wanting, 
but  if  he  behaves  disgracefully  he  is  put  to  death. 

FELLOWHOOD. 

There  is  an  interesting  institution  found  among  the  Wyaii- 
dottes  as  among  some  other  of  our  North  American  tribes, 
namely,  that  of  Fellowhood.  Two  young  men  agree  to  be  per- 
petual friends  to  each  other,  or  more  tlian  brothers.  Each  reveals 
to  the  other  the  secrets  of  his  life  and  counsels  with  him  on  mat- 
ters of  importance,  and  defends  him  from  wrong  and  violence, 
and  at  his  death  is  chief  mourner. 

The  government  of  the  Wyandottes,  with  the  social  organization 
upon  which  it  is  based,  affords  a  typical  example  of  tribal  govern- 
ment throughout  North  America.  Within  that  area  there  are 
several  hundred  distinct  governments.  In  so  great  a  number 
there  is  great  varietj^  and  in  this  variety  we  find  different  degrees 
of  organization  ;  the  degree  of  organization  being  determined  by 
the  differentiation  of  the  functions  of  government,  and  the  cor- 
relative specialization  of  organic  elements. 

Much  has  yet  to  be  done  in  the  study  of  these  governments  be- 
fore safe  generalizations  may  be  made.  But  enough  is  known  to 
warrant  the  following  statement. 

Tribal  government  in  North  America  is  based  on  kinship,  in 
that  the  fundamental  units  of  social  organization  are  bodies  of 
consangulneal  kindred,  either  in  the  male  or  female  line ;  these 
units  being  what  has  been  well  denominated  "  gentes." 

These  "gentes"  are  organized  into  tribes  by  ties  of  relation- 
ship and  affinity,  and  this  organization  is  of  such  a  character  that 
the  man's  position  in  the  tribe  is  fixed  by  his  kinship.  There  is 
no  place  in  a  tribe  for  any  person  whose  kinship  is  not  fixed,  and 
only  those  persons  can  be  adopted  into  the  tribe  who  are  adopted 
into  some  family  with  artificial  kinship  specified.  The  fabric  of 
Indian  society  is  a  complex  tissue  of  kinship —  the  warp  is  made 
of  streams  of  kinship  blood  and  the  woof  of  marriage  ties. 

With  most  tribes  military  and  civil  affairs  are  differentiated. 
The  functions  of  civil  government  are,  in  general,  differentiated 
only  to  this  extent;  that  executive  functions  are  performed  by 
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chiefs  and  sachems ;  but  these  chiefs  and  sachems  are  also  mem- 
bers of  the  council.  The  council  is  legislature  and  court.  Per- 
haps it  were  better  to  say  that  the  council  is  the  court  whose 
decisions  are  law,  and  that  the  legislative  body  properly  has  not 
b^en  developed. 

In  general,  crimes  are  well  defined.  Procedure  is  formal,  and 
forms  are  held  as  of  such  importance  that  error  therein  is  prima 
facie  evidence  that  the  subject-matter  formulated  was  false. 

When  one  gens  charges  crime  against  a  member  of  another,  it 
can  of  its  own  motion  proceed  only  to  retaliation.  To  prevent 
retaliation  the  gens  of  the  offender  must  take  the  necessary  steps 
to  disprove  the  crime,  or  to  compound  or  punish  it.  The  charge 
once  made  is  held  as  just  and  true  until  it  has  been  disproved, 
and  in  trial  the  cause  of  the  defendant  is  first  stated.  The  anger 
of  the  prosecuting  gens  must  be  placated. 

In  the  tribal  governments  there  are  man}^  institutions,  customs 
and  traditions  which  give  evidence  of  a  former  condition  in  which 
society  was  based, —  not  upon  kinship,  but  upon  marriage. 

From  a  survey  of  the  facts,  it  seems  highly  probable  that  kin- 
ship-socictj^,  as  it  exists  among  the  tribes  of  North  America,  has 
developed  from  connubial  society  which  is  discovered  elsewhere 
on  the  globe.  In  fact,  there  are  few  tribes  that  seem  scarcely  to 
have  passed  that  indefinite  boundary  between  the  two  social 
states.    Philologic  research  leads  to  the  same  conclusion. 

Nowhere  in  North  America  have  a  people  been  discovered  who 
have  passed  beyond  tribal  society,  to  national  society  based  on 
propert}',  i.  e.,  that  form  of  society  which  is  characteristic  of  civi- 
lization. Some  peoples  may  not  have  reached  kinship-society  ; 
none  have  passed  it. 

Nations  with  civilized  institutions,  art  with  palaces,  mono- 
theism as  the  worship  of  the  Great  Spirit, —  all  vanish  from  the 
priscun  condition  of  North  America  in  the  light  of  anthropologic 
research. 

Tribes,  with  the  social  institutions  of  kinship,  art  with  its 
highest  architfictural  d(;v(;lopment  exhibited  in  the  structure  of 
comrnimal  dwellings,  and  polytheism  in  the  worship  of  mythic 
animals  and  nature-gods,  reniain. 


PAPEES  EEAD. 


The  Dacotah  Tribes  :  their  beliefs,  and  our  duty  to  them 
OUTLINED.     By  Henry  B.  Carrington,  Colonel  U.  S.  A. 

The  pulse  of  our  quick  life  will  brook  no  check.  In  the  rage 
for  gold,  the  white  man  has  held  for  nought  the  red  man's  rights. 
How  to  get  all  he  has  and  then  get  rid  of  him,  at  the  first  chance, 
and  be  glad  when  he  is  gone,  is  the  sum  which  we  count  up,  as 
fast  as  we  can,  to  kill  his  race. 

I  wish  to  tell  some  things  which  will  give  him  grace  at  your 
hands.  I  do  not  tell  where  he  came  from,  but  as  he  is  a  man,  he 
lias  value,  and  if  the  brain  force  which  is  here  can  plan  good  for 
the  live  red  man  and  let  him  live,  it  will  be  worth  as  much  as  to 
read  what  stones  and  coals  say  of  the  dead  past.  I  will  not  tr}^  to 
work  out  the  fact  as  to  how  he  came  to  be.  You  who  strive  to  get 
at  the  first  start  of  each  old  race  can  do  that.  He  is  here,  and  I 
speak  for  him. 

I  felt  a  strange  thrill  of  zeal  for  him  when  Irwakura,  the  chief 
of  the  Japan  Legation  which  visited  this  country,  stated,  that  "he 
asked  that  his  train  might  stop  at  Echo  Canon,  so  that  he  might 
look  upon  the  first  red  man  he  ever  met."  I  give  what  he  said,  for 
your  thought.  It  was  this  :  "We  have  a  tradition  in  our  country, 
that  our  people  came  from  the  skies  in  a  boat,  and  we  have  pic- 
tures which  represent  our  ancestors.  I  know  enough,  now,  to 
see  that  people  cannot  come  out  of  the  sky  ;  but  when  I  see  those, 
who  for  the  first  time  remind  me  of  the  pictures  of  our  forefathers, 
I  wonder,  with  awe,  whether  America  was  not  their  home  and  the 
ocean  waves  took  tliem  to  Japan."  It  was  a  new  thought  to  me, 
and  I  pass  it  to  you  who  are  adepts  in  this  branch  of  study,  for 
further  solution. 

I  speak  for  the  red  men  of  Dacotah,  but  include  all  who  were 
associated  with  my  service  on  the  Plains,  principally  the  Paw- 
nees, Winnebagoes,  Northern  Cheyennes,  Arapahoes,  Ogallalla  and 
Brule  Sioux  and  the  Crows.  I  do  not  say  that  like  thought  stirs 
the  brain  of  all  these  bands  ;  but  in  none  have  I  found  words  which 
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curse  God.  White  Horse,  an  old  Cheyenne  chief,  was  aroused 
when  he  heard  white  men  curse,  and  said,  "  it  was  not  so  bad  for 
a  boy  to  curse  his  father  and  mother,  as  for  a  man  to  curse  the 
Great  Spirit,  who  gave  him  air,  earth,  water  and  all  good  things." 
One,  thus  stated  his  idea,  pointing  to  a  child  :  "  Pappoose  wiskeat 
auteas  ?  Pappoose  wiskeat  auLrara?"  (Pappoose  curse  father  and 
mother)."  "  The  child  would  have  had  no  father  and  mother,  and 
the  father  and  mother  would  liave  had  no  child,  but  for  the  Great 
Spirit.  Why  do  the  white  men  curse?"  The  red  man  takes  up 
our  strong  words  to  express  anger  ;  but  his  reverence  for  the  Great 
Spirit  is  above  that  of  some  white  men  who  claim  to  be  his  master. 

Their  views  as  to  life  after  death  are  no  less  striking.  When 
the  dead  were  rescued  from  the  battle-lield  after  Fetterman's  mas- 
sacre in  1866,  when  three  officers  and  seventy-eight  men  were 
killed  and  cut  up  in  thiily  minutes,  I  found  that  nearly  every  bod}'' 
was  stripped  of  the  muscles  of  the  arm,  breast,  back,  thigh  and 
calves  of  the  legs.  The  bodies  were  filled  with  arrows,  one  hun- 
dred and  sixt^'-eight  having  been  (bund  in  three  bodies.  I  quote 
from  the  Official  Report  as  to  these  mutilations.  "  E3'es  torn  out 
and  laid  on  the  rocks  ;  teeth  chopped  out ;  joints  of  fingers  cut  off; 
brains  taken  out  and  placed  on  rocks,  with  members  of  the  body  ; 
entrails  taken  out  and  exposed  ;  hands  and  feet  cutoff ;  arms  taken 
out  from  socket ;  eyes,  ears,  mouth  and  arms  penetrated  with 
spearheads,  sticks  and  arrows ;  punctures  upon  every  sensitive 
part  of  the  body,  even  to  the  soles  of  the  feet  and  the  palms  of  the 
hands."  I  asked  a  member  of  the  Red  Cloud  band,  why  this  was 
done  ;  and  the  key  to  these  mutilations  was  startling  and  impressive. 
Their  idea  of  the  spirit  land  is,  that  it  is  a  physical  paradise,  but 
we  enter  upon  its  mysteries  just  in  the  condition  we  hold  when  we 
die.  Jn  the  Indian  paradise  every  physical  taste  or  longing  is 
j>romptIy  met.  If  he  wants  food  it  is  at  hand.  Water  springs  up 
for  ready  use.  Ponies  and  game  abound.  Blossoms,  leaves  and 
fruit  nevci-  fail.  All  is  perennial  and  perpetual.  But  what  is  the 
Indian  hell?  It  is  the  same  in  place  and  in  piofusion  of  mercies  ; 
l>ut  th(!  ))ad  cannot  partake.  Like  Dives  who  saw,  craved  and 
l>anl(;d  for  n;li(;f,  he  cannot  (snjoy.  Jn  the  light  of  this  idea,  these 
tortured  bodies  had  a  n(;w  signilicaiKU!.  With  the  nuiscles  of  the 
arms  cut  out,  the  victim  could  not  i)ull  a  bow-string  or  trigger; 
with  other  nuiscles  gone;  Ik;  could  not  l  ide  in  the  stirru[)  or  stoop 
to  di  iiil:  :  so  that  while  every  sense  was  in  agony  for  relief  from 
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hunger  or  thirst,  there  could  be  no  relief  at  all.  The  red  man  does 
not  have  the  moral  sense  which  would  argue  that  every  vice  is 
crippling  the  moral  and  mental  muscles,  so  that  ever}^  fault  leaves 
man  less  perfect  for  beginning  a  grand  career  be3^ond  the  grave  ; 
but  the  germ  thought  is  in  his  mind,  and  the  white  man  can  give 
it  better  force  and  activit}^  if  he  will  care  half  as  well  for  the  red 
man  as  he  does  for  Hottentots,  Asiatics  and  strangers  of  the  South 
Pacific  Isles.  Before  Chief  Joseph  of  the  Nez  Perces  fled  from 
his  rightful  home,  in  1877,  to  fight  for  his  ver3^  life,  he  was  asked 
if  he  wanted  schools  on  the  Wallowa  reservation,  he  said  "  No  !  " 
When  asked  his  reason,  he  replied  that  "it  would  bring  churches.'* 
*'  Don't  j'ou  want  churches?"  was  the  next  inqui^3^  "No,  no,"  he 
answered,  "  it  will  teach  us  to  quarrel  about  God,  as  the  Catholics 
and  Protestants  do.  We  fight  each  other,  but  we  don't  want  to 
learn  to  fight  about  God."  When  asked  to  sell  his  reservation,  he 
sharpl}^  replied  :  "Do  you  believe  that  we  came  out  of  the  bosom 
of  the  Earth  ?  I  know  you  do.  Tiien  the  earth  is  our  mother. 
Would  you  sell  your  mother?    I  never  will  sell  my  mother." 

Their  mode  of  burial  by  raising  the  dead  upon  platforms,  above 
the  reach  of  wild  beasts,  until  the  dust  returns  to  mother  earth,  is 
full  of  strange  fancies.  Their  dread  of  being  hanged  is  due  to 
their  fear  that  as  the  spirit  leaves  the  body  while  the  feet  are  above 
the  earth,  it  will  be  doomed  to  the  loss  of  all  capacity  for  walking 
and  running  hereafter,  the  most  horrible  of  fates  for  the  red  man 
whose  hope  and  joy  are  in  physical  bliss  alone. 

One  more  phase  of  the  red  man's  life  is  pertinent  to  this  inquiry. 
'*What  shall  we  do  with  and  for  him?"  It  seems  to  me  that  here 
is  just  the  place  to  speak  a  word  for  him,  because  the  work  of  sci- 
ence is  to  bless  man  ;  and  we  do  not  push  inquiry  so  far  back  into 
the  silent  past  and  into  the  cold  forms  of  the  once  igneous  trap 
and  granite,  and  reconstruct  old  life  from  impress  and  fragment, 
that  we  ignore  the  living  present.  It  is  better  to  preserve  a  race 
with  which  our  fathers  did  compete  for  this  fair  continent,  than  to 
explain  how  the  red  man  came  here,  and  what  was  his  pedigree 
direct  from  Adam,  or  some  anterior  protoplasm.  We  call  him  a 
savage,  but  he  can  be  a  friend.  The  Narragansetts  and  Dela- 
wares  were  true  to  the  wliite  man.  The  Pawnees,  Winnebagoes 
and  Crows  have  been  true  to  the  white  man.  Spotted  Tail,  with 
his  ten  thousand  companions,  is  true,  and  he  has  not  failed  to 
meet  pledges  made  iu  1866.    Ked  Cloud  and  his  eleven  thousand 
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followers  are  true,  in  spite  of  repeated  change  of  his  reservation, 
and  untold  deprivations  which  the  tide  of  western  growth  has 
brought.  I  sa}^,  plainl}',  that  the  red  man  when  he  enters  into  a 
fair  contract,  understandingly,  is  as  faithful  to  obligation  as  the 
average  white  man,  and  that  from  1865  until  the  present  time, 
there  has  not  been  a  border  campaign  which  did  not  have  its  im- 
pulse in  the  aggressions  of  the  white  man.  When  Dull  Knife,  the 
Chej^enne  chief,  broke  out  of  Camp  Robinson,  and  his  braves  and 
squaws  fought  until  nearly  all  were  killed,  it  was  because  they 
would  rather  die  than  be  sent  to  the  Indian  Territory,  where  they 
had  neither  friends  nor  country.  And  yet  this  man,  in  1866,  re- 
fused to  take  the  war  path  with  Red  Cloud,  and  suffered  much  to 
prove  that  he  was  the  white  man's  friend. 

The  occupation  of  the  Powder  river  countrj^,  and  the  valle3's  of 
the  Big  Horn  and  Yellowstone,  during  that  year,  in  the  face  of 
Harney's  treaty  of  1865,  opened  up  that  series  of  disasters  which 
has  sacrificed  so  many  white  men,  and  exacted  so  much  of  ven- 
geance upon  the  red  man  himself.  It  was  time  that  he  was  dealt 
with  as  other  men  are  dealt  with.  Legislation  and  adjudication 
have  changed  the  old  theory  of  our  Supreme  Court,  which  held 
that  the  Indians  were  internal  nations,  dependent  indeed,  but  ca- 
pable of  contracting  by  treaty.  We  must  treat  them  as  men, 
under  law,  and  punish  the  red  and  white  men  alike  and  protect 
them  alike.  Then  there  will  be  found  in  America  an  asylum  even 
for  those  whose  fathers  were  here  when  our  fathers  sought  an  asy- 
lum, and  we  shall  crown  our  work  of  the  emancipation  of  the  Afri- 
can, by  the  preservation  of  the  Indian. 

I  was  asked  yesterday  to  ex|)lain  why  tlie  Indians  used  arrows 
so  freely  upon  the  bodies  of  their  victims.  It  is  a  part  of  their 
superstition.  While  they  will  not  often  use,  again,  an  arrow  shot 
at  an  enemy,  if  it  miss  him,  because  the  Great  Spii'it  did  not  wish 
it  to  hit,  they  count  to  their  credit  every  act  of  courage.  Thus, 
when  in  single  combat,  the  red  man  would  fail  to  get  a  scalp, 
unless  aided,  the  friend  wiio  has  helped  him,  shoots  arrows  into 
the  body  and  k(;(!ps  tin;  rcicord,  to  show  that  while  he  did  not  get 
the  Hcaip  Ik;  was  the  (;aus(;  of  its  Ixiing  secured.  This  very  chief. 
Dull  Knif(;,  wh(;n  in  1866,  h(;  refused  to  join  lied  Cloud,  at  the  lirst 
outbreak  of  w;ir,  was  slashed  across  the  shoulders  with  bows,  in 
contempt,  with  tin;  cry  of  "('oo  !"  (cow;ird)  and  tlu^se  "(Joos"  are 
recorded  by  kn(As  tied  in  their  ponies'  manes,  as  the  next  thing  to 
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victorj\  So  the  arrows  used  upon  a  body  under  a  state  of  facts 
such  as  given  are  so  many  "Coos"  to  the  credit  of  a  warrior.  The 
hundreds  of  arrows  found  in  the  bodies  after  the  Fetterman  massa- 
cre, showed  that  the  whole  force  of  the  red  man  was  employed  to 
silence  the  brave  men  who  fought  with  desperation  against  an  over- 
whelming body.  It  is  enough  for  us  to  know  that  white  men  first 
stole  their  lands,  and  then  sold  them  arms,  and  did  by  every  low 
passion  work  out  the  scheme  by  which  we  sliould  treat  the  Indian 
as  a  brute  to  be  exterminated,  rather  than  as  a  man  to  be  saved. 
In  the  horrors  of  that  calamity  when  loved  companions  fell  so  sud- 
denly after  safely  passing  the  ordeal  of  four  years  of  war,  and  it 
seemed  as  if  there  was  no  salvation  for  the  rest  of  the  small  force 
in  Dacotah,  and  when  our  wives  and  our  children  were  in  peril,  so 
that  no  one  knew  what  the  next  hour  would  bring  of  toil  or  trial,  I 
could  not  but  feel  that,  if  I  had  been  a  red  man,  I  would  have 
fought  as  bitterly,  if  not  as  cruelly,  for  my  rights  and  my  home,  as 
the  red  man  fought. 

Be  it  our  part  to  strengthen  the  hands  of  those  who  would  save 
the  red  man,  so  that  the  eternal  disgrace  of  his  extinction  shall 
not  attach  to  America  while  Christianity  is  its  strength  and  its 
glory. 


The   Theory  of  Primitive   Democracy   in  the   Alps.  By 
Denman  W.  Ross,  of  Cambridge,  Mass. 

As  long  ago  as  1871,  Sir  Heniy  Maine  said,  in  his  book  entitled 
"Village  Communities  in  the  East  and  West,"  that  he  knew  noth- 
ing more  striking  among  Mr.  Freeman's  many  contributions  to 
our  historical  knowledj^e  than  his  identification  of  the  frao-ments 
of  Teutonic  society,  organized  upon  its  primitive  model,  which 
are  to  be  found  in  the  Forest  Cantons  of  Switzerland.  Sir  Henry 
Maine  refers  to  the  Swiss  Landesgemeinden,  or  commonwealths, 
and  to  Mr.  Freeman's  theory'  about  them  ;  that  they  are  an  archaic 
political  institution  that  has  survived  to  our  day. 

You  all  remember,  I  am  sure,  the  stirring  description  that  Mr. 
Freeman  gives  of  this  institution  in  his  Essay  upon  the  English 
Constitution.  "Year  by  year,"  he  says,  "on  certain  spots  among 
the  dales  and  mountain-sides  of  Switzerland,  the  traveller  who  is 
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daring  enough  to  wander  out  of  beaten  tracks,  and  to  make  his 
journey  at  unusual  seasons,  may  look  on  a  sight  such  as  no  other 
corner  of  the  earth  can  any  longer  set  before  him.  He  ma}^  there 
gaze  and  feel,  what  none  can  feel  but  those  who  have  seen  with 
their  own  eyes,  what  none  can  feel  in  its  fulness  more  than  once 
in  a  life-time,  the  thrill  of  looking  for  the  first  time,  face  to  face, 
on  freedom  in  its  purest  and  most  ancient  form.  He  is  there  in  a 
land  where  the  oldest  institutions  of  our  race,  institutions  which 
ma}'  be  traced  up  to  the  earliest  times  of  which  history  or  legend 
gives  ns  any  glimmering,  still  live  on  in  their  primeval  freshness. 
He  is  in  a  land  where  an  immemorial  freedom,  only  less  eternal 
than  the  rocks  that  guard  it,  puts  to  shame  the  boasted  antiquity 
of  kingly  dynasties,  which,  by  its  side,  seem  but  as  innoA'aiions  of 
yesterday.  There,  year  b}'  3'ear,  on  some  bright  morning  of  the 
spring-tide,  the  Sovereign  People,  not  intrusting  its  rights  to  a 
few  of  its  own  number,  but  discharging  them  itself  in  the  mtijesty 
of  its  corporate  person,  meets  in  the  open  market-place,  or  in  the 
green  meadow  at  the  mountain's  foot,  to  frame  the  laws  to  which 
it  yields  obedience  as  its  own  work,  to  choose  the  rulers  whom  it 
can  afford  to  greet  with  reverence  as  drawing  their  commission 
from  itself."  After  saying  so  much  in  general  with  regard  to 
"freedom  in  its  purest  and  most  ancient  form,"  which  he  lias 
discovered  in  tlie  Alps,  Mr.  Freeman  goes  on  to  describe  what  he 
calls  "the  immemorial  democracy  of  Uii;"  and  this  description 
serves  to  illustrate  what  I  have  just  read  to  yon. 

Without  doubt  we  have  in  the  Swiss  commonwealths,  in  Uri  and 
Appenzell,  for  example,  the  purest  form  of  democracy, —  democ- 
racy without  representation.  Every  freeman  has  an  equal  voice  in 
the  assembly,  and  lu;  is  there  in  person  to  help  in  the  makii>g  of  laws 
and  the  api)ointm(;nt  of  magistrates  ;  but  the  assertion  that  this 
democi'acy  is  iinmemoi  ial  and  archaic  is  the  statement  of  a  theory, 
which,  though  it  has  been  generally  received,  has  never  been 
established  by  any  sufliei(!nt  or  satisfactory  evidence. 

It  is  the  obj(!(;t  of  the  loilowing  argunumt  to  show:  —  1.  That 
the  theory  of  piiujilivc;  dcnuMMatty  in  iUo,  Alps  has  )>()t  been  estab- 
TiHlied  by  sat  isfiictory  cvidt'iice  ;  that  it  ciiunot,  ihv.vi'Wyni^  be  re- 
garded as  a  (;ontril)nlion  to  historicjil  knowl(!dge  ;  and,  2.  Th;it 
according  to  the  Mceonnis  and  records  th('i(!  was  nothijig  of  demoo 
ra(;y  in  liie  polilieni  eonslitution  of  <'.'iily  'reutonie  society.  You 
will  see  that  tii(;re  were  two  classes  of  IVccmkmi, —  the  chiellainH 
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and  their  followers  :  that  the  office  of  chieftahi  was  hereditary  and 
also  elective  ;  not  elective,  however,  upon  democratic  principles, 
but  by  individual  choice,  prompted  by  individual  preference.  Tlie 
adherence  of  the  followers  to  their  chieftains  was  in  all  cases 
personal ;  and  it  was  voluntar}^  unless  the  followers  were  depen- 
dents. You  will  see  that  the  evolution  of  the  political  and  eco- 
nomic institutions  of  the  early  Germans  was  directly  towards 
feudalism,  a  social  system  based  upon  personal  adherence  and 
personal  dependence. 

I  have  just  said  that  Mr.  Freeman  has  given  us  no  satisfactory 
evidence  to  show  that  the  democracy  of  the  Swiss  Cantons  is 
either  immemorial  or  archaic,  to  show  that  it  is  an  archaic  politi- 
cal institution  that  has  survived  to  our  day.  He  tells  us,  in  the 
first  volume  of  his  "Norman  Conquest"  (Cap.  Ill,  §  2,  note), 
that  he  intends  to  treat  the  history  of  the  democratic  Cantons  of 
Switzerland  more  at  large  in  the  second  volume  of  his  "Federal 
Government,"  and  he  says :  "I  will  now  only  say  that,  though  the 
amount  of  independence  enjoyed  by  the  ancient  Cantons  has  been 
greatl}^  exaggerated,  there  is  evidence  to  show  that,  in  some  dis- 
tricts at  least,  the  old  Teutonic  system  can  be  traced  back  un- 
interruptedl}-  as  far  as  we  have  any  records  at  all,  so  that  we  may 
fairly  presume  an  unbroken  succession  from  the  Germans  of 
Tacitus."  The  same  argument  is  reiterated  less  concisely  in  the 
appendix  of  notes  to  the  "Essay  on  the  English  Constitution." 
This  is  all  the  argument  we  have  as  yet  received  from  Mr.  Free- 
man. He  intends  to  enlarge  upon  it  in  the  second  volume  of  the 
"Federal  Government;"  but  the  volume  has  not  appeared,  and 
we  have  no  more  promise  of  it.  In  the  meantime  we  have  a 
brief  which  we  will  proceed  to  examine. 

Mr.  Freeman  tells  us  that  we  can  trace  the  old  S3'stem  back  a 
long  way  into  the  Middle  Ages,  that  we  may  therefore  presume 
an  unbroken  succession  from  the  Germans  of  Tacitus. '  You  will 
observe,  in  the  first  place,  that  Mr.  Freeman  assumes  that  it  is  the 
old  system  which  we  trace  hack  in  this  way.  He  assumes  that 
the  present  existing  system  is  substantially  the  same  as  that  which 
existed  in  the  time  of  Tacitus,  which  is  certainly  something  to  be 
proved,  and  not  to  be  assumed.  Mr.  Freeman  should  have  said 
the  present  system  may  be  traced  back  a  long  way  into  the  Middle 
Ages.  He  should  then  have  shown  b}^  a  careful  analysis  and 
comparison  that  it  is  identical  with  that  which  existed  in  the  time 
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of  Tacitus.  Then  he  might  have  pointed  out  the  probable  con- 
nection between  the  two  S3'stems.  But  even  then  the  argument 
would  have  been  a  very  weak  one  ;  for,  as  3'ou  will  observe,  in  the 
second  place,  Mr.  Freeman  admits  that  there  is  a  gap  in  the  rec- 
ords across  which  we  are  helped  by  inference  and  not  hy  evidence. 
"We  trace,  he  says,  the  old  system  back  into  the  Middle  Ages,  and 
presume  that  it  goes  back  to  the  Germans  of  Tacitus.  Of  course 
the  force  or  weakness  of  the  argument  depends  upon  the  extent 
of  this  gap  between  the  medii^val  records  and  the  account  of 
Tacitus.    The  greater  the  gap,  the  weaker  the  argument. 

It  happens  that  the  first  record  containing  any  reference  to  the 
Canton  Uri  is  of  the  year  732.  Eto,  the  Abbot  of  Reicheiiau, 
was  banished  by  the  Duke  of  the  Alamanni  to  Uri, —  in  Uroniam. 
(Monumenta  Germanise.  Scriptores,  V,  p.  98.)  A  document  of 
853  contains  the  words  pagelhim  Urojiioe,  and  a  reference  to 
homines  tarn  liheros  quam  et  servos.  The  little  canton,  with  its 
lands  and  people,  churches  and  honses,  is  given  by  Ludwig  the 
German  to  the  cloister  of  nuns  at  Zurich.  It  appears  as  private 
estate,  serving  private  ends, — jure  proj^rietatis  et  ad  nostrum  opus, 
(See  Neugart.  Codex  Diplomaticus,  CCCXLIX,  and  also  Rilliet's 
"  Origines  de  la  Confederation  Suisse,"  p.  401.)  The  first  record, 
however,  which  contains  anything  from  which  we  can  infer  any 
organized  and  independent  movement  among  the  people  of  Uri 
is  of  a  later  date.  It  is  of  the  year  955.  It  is  a  record  in  the 
archives  of  Zurich,  given,  however,  in  full  in  the  appendix 
to  Killiet's  "Origines."  The  inhabitants  of  Uri  {inliahitantihiis 
Uroniam)^  the  dependents  and  tenants  of  the  Fraumiinster  at 
Zurich,  resist  a  proposed  increase  in  their  rents  and  dues,  on  the 
ground  that  it  was  for  them,  tlie  people  of  Uri,  to  decide  what 
additional  I'ents  and  dues  might  be  levied.  It  was  a  matter  to  be 
decided  accoi'ding  to  custom  aud  law  {patrum  nostrorttm  jure 
et  leye),  not  ))y  thtt  authorit^^  of  the  Abi)ess  or  her  advocate. 
The  custom  or  law  referred  to  is  })roba))ly  that  which  we  find  in 
the  Lex  Alamaniiorum  (Tit.  XIII).  Tlie  freemen  upon  the 
estates  of  the  (Jliurcii,  f/itos  a/Jonos  vocfmt,  paid  to  the  Churcli  tlie 
same  rents  and  dues  tlial  tlu;  fVccjuicn  upon  the  estates  of  the  king 
}>aid  to  liim. 

You  Hi'A",  tlwit  there  is  rcjdly  uo  (!videu('(!  in  the  docunu^ut  of  955 
to  establish  tlu-  cxistcMicc  ol'  coniinuii.'i  I  or  dciiiocr.'itic  i  iistil  utious 
in  Uri.    Ail  that  we  can  infer  lioiii  it  is,  tiiat  there  was  in  Uri  a 
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group  of  men  who  bad,  by  law,  a  certain  rigbt,  wbich  in  tbe  year 
955  they  were  able  to  maintain  against  nsurpation.  (Compare 
Rilliet,  p.  37.)  It  was  not  nntil  tbe  thirteenth  century  that  Uii 
obtained  what  could  be  called  political  independence,  and  it  was 
not  until  afterwards  that  the  people  had  the  right  to  choose  their 
own  magistrate,  or  Landammann.  (Compare  Bluntschli,  Ge- 
schichte  des  Schweizerischen  Bundesrechts,  I,  p.  28.)  But  I  will 
grant,  for  the  sake  of  argument,  that  the  democracy  of  the  Swiss 
Cantons  mny  be  traced  back  to  the  3^ear  955,  not  in  its  present 
developed  form,  but  somehow  or  other  as  Mr.  Freeman  would  have 
it.  (See  appendix  of  notes  to  the  Essay  on  the  English  Consti- 
tution.) 

If  the  earliest  record  in  the  history  of  communal  or  democratic 
institutions  in  the  Alps  dates  in  the  year  955  —  and  regarding  the 
other  Cantons  beside  Uri  there  are  no  records  of  so  early  a  date 
from  which  we  can  infer  any  independent  organization  among  the 
lower  classes  —  if,  as  I  say,  the  earliest  record  in  the  history  of 
communal  or  democratic  institutions  in  the  Alps  dates  in  the  year 
955,  the  middle  of  tlie  tenth  century,  and  the  account  of  the 
Germans  of  Tacitus  was  written  at  the  beginning  of  the  second 
ceutury,  and  there  is  no  evidence  to  establish  the  existence 
of  democratic  institutions  during  the  intermediate  time,  there  is 
a  gap  of  eight  and  a  half  centuries  in  the  histor}^  of  those  institu- 
tions ;  and  you  will  agree  with  me,  I  am  sure,  when  1  say  that 
their  continuity  from  the  time  of  Tacitus  to  the  present  day  can- 
not be  established. 

Mr.  Freeman  is  inclined  to  admit,  in  his  "Norman  Conquest" 
(Cap.  Ill,  §  2,  note),  that  in  all  but  "a  few  of  the  smallest  Swiss 
Cantons,  and  in  several  of  these,  the  ancient  freedom  had  to  be 
reconquered,  and  was  not  uninterrii[)tedly  retained."  Pie  says 
that  tliis  was  "altogether  so"  in  Glarus  and  Appenzell  and  "in 
Uri  to  some  extent."  He  does  not  tell  us  where  it  was  not  so. 
Still  he  insists  tliat  the  democrac}^  in  the  Alps,  if  not  a  survival, 
is  at  least  a  revival,  of  the  democracy  which  existed  among  the 
Germans  in  the  time  of  Tacitus.  And  this  seems  to  be  Mr. 
Freeman's  theory,  divested  of  rlietorical  exaggeration  and  reduced 
to  simplest  statement. 

Granting  tliat  the  political  constitution  of  early  Teutonic  society 
was  democratic,  Mr.  Freeman's  argument  is  veiy  weak,  owing  to 
the  lapse  of  at  least  eight  and  a  half  centuries,  probably  more 
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than  twelve  centuries,  during  which  we  have  no  records  to  show, 
either  that  the  democracy  of  early  times  was  surviving,  or  that 
the  traditions  of  it  were  being  preserved.  If,  however,  the  politi- 
cal constitution  of  early  Teutonic  society  was  not  democratic,  not 
at  all  like  the  constitution  of  the  democratic  Cantons  of  Switzer- 
land, Mr.  Freeman's  theory  will  deserve  no  support,  nor  any 
further  consideration, 

I  shall  now  proceed  to  lay  before  yon,  in  as  good  order  as  I  can 
and  as  briefly,  the  facts  which  we  have  which  relate  to  the  politi- 
cal organization  of  early  Teutonic  society.  We  must  find  out 
whether  it  was  in  any  respect  democratic,  or  not ;  we  must  find 
out,  if  we  can,  precisely  what  it  was. 

The  first  account  we  have  of  the  Germans,  at  least  the  first 
account  from  which  we  learn  anything  with  regard  to  the  organi- 
zation of  society  among  them,  is  found  in  two  or  three  chapters 
of  Caesar's  Commentary  "de  Bello  Gallico."  The  facts  contained 
in  these  chapters  are  few  and  bare  enough,  but  we  have  them  from 
an  original  witness,  and  one  of  the  highest  character.  Caesar 
describes  as  the  prime  constituents  of  Teutonic  society  two  classes 
of  persons, —  the  chieftains,  or  principes,  and  the  people;  gentibus 
cognationibusque  hominum  qui  una  coierunt.  In  any  nation  of 
Germans  there  were  numbers  of  chieftains,  and  the  mass  of  tlie 
people  were  grouped  under  their  leadership.  We  learn  that  in 
time  of  peace  there  was  no  common  ruler  over  the  chieftains,  but 
each  governed  his  followers  independently.  Caesar  says  of  them 
(B.  G.,  VI,  23)  :  inter  suos  jus  dicunt  controversiasque  mmiiunt. 
All  this  agrees  with  what  Baed  says  of  the  Saxons  (Ilist.  EccL, 
V,  10).  They  liad  no  king,  but  a  great  many  rulers  instead; 
sairabas  plarimos  suae  gmti  praepositos.  And  what  was  true  of 
the  Germans  in  general  in  the  time  of  G'csar,  and  of  the  Saxons 
according  to  Baed,  was  true  also  of  the  Lom})ai(ls  after  the  death 
of  King  Klcph,  at  the  end  of  the  sixth  century.  As  Paul  the 
Deacon  t(;lls  us  in  his  History  ( 1 1,  )  :  For  ten  years  the  Jjom- 
Ijards  iiad  no  king,  but  w(Me  governed  by  their  dukes  alone,  and 
cacii  of  these  i  ul(;d  over  his  own  city.  In  a,ll  there  were  thirty-six 
<)\'  th(;in.  Mueii  more  e\  i(l(!n(,'(!  <',ould  Ik;  a(l(lu(;(;d  to  show  tliat  in 
c'irly  times  there  w(!re  rn.'iiiy  ehicifL.'iins  in  each  nation  of  the 
( i(M  rnans,  and,  vvii(!n  they  iiad  no  common  ruler,  no  king  oi' (^hic^f 
of  chicfl  :iins,  the}'  J'uled  ovej'  th(;ir  i-cspeeti \  e  follow(!rs  indepcuid- 
cntiy. 
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We  know,  however,  that  there  were  general  or  national  assem- 
blies in  which  the  chieftains  with  their  respective  followers  met 
together  ;  and  Csesar  tells  us  that  in  assemblies  of  this  kind  one 
of  the  chieftains  would  rise  and  propose  an  expedition,  and  invite 
others  to  join  him  in  it,  and  those  who  approved  of  the  man,  and 
of  the  expedition  he  proposed,  rose  and  promised  to  follow  and 
obey.  Tills  invitation  to  join  in  expeditions  was  not  extended  to 
the  mass  of  tlie  common  people;  for,  as  Csesar  tells  ns  (B.  G., 
IV,  1),  they  were  divided  each  year  into  two  bands,  and  while  one 
was  led  to  war,  the  other  was  obliged  to  remain  at  home  to  super- 
intend the  cultivation  of  land,  to  provide  the  means  of  subsistence 
for  themselves  and  those  who  were  absent.  Sic  neque  agricuUnra  nee 
ratio  atque  usus  belli  intermittitur .  There  were  many  chieftains  in 
each  nation  of  the  Germans,  and  they  were  constantly  engaged  in 
militar}^  expeditions,  now  under  one  leader,  now  under  another. 
When  they  were  starting  upon  their  expeditions  they  divided 
their  respective  followers  into  two  bands,  one  of  which  they  took 
with  them,  while  the}^  left  the  other  at  home.  This  is  what  we 
gather  from  the  testimony  of  Caesar. 

Now  we  want  to  find  out,  if  we  can,  whether  the  office  of  chief- 
tain was  elective  or  hereditary  ;  and,  as  Caesar  has  nothing  to  say 
about  that,  we  will  call  up  Tacitus.  He  tells  us  in  his  "  Germania" 
(Cap.  13),  that  the  right  to  be  a  chieftain  was  inherent  in  those 
persons  who  were  of  noble  birth  or  distinguished  parentage ; 
insignis  nobilitas  aut  magna  patrum  merita  principis  dignationem 
etiam  adulescentulis  adsignant.  From  which  it  appears  that  the 
right  to  be  a  chieftain  was  hereditary.  This  conclusion  is  sup- 
ported by  the  concurrent  testimony  of  the  later  records.  Then 
Tacitus  goes  on  to  say,  that  the  young  chieftains  were  associated 
with  those  who  were  older,  who  had  more  experience  than  the}^ ; 
robustioribus  ac  jam  prid^m  probatis ;  and,  he  adds,  the}^  were  not 
ashamed,  although  they  were  chieftains,  to  be  seen  amoug  the 
followers,  inter  comites.  Then  we  have  a  description  of  the  fol- 
lowing of  a  chieftain,  his  comitatus :  from  which  it  appears  that 
the  freemen  who  did  not  attain  to  the  dignity  of  chieftainship 
were  ranked  in  the  following  of  one  or  another  cliieftain.  And 
Tacitus  tells  us  that  there  was  a  great  emulation  among  the  chief- 
tains to  get  and  retain  the  greatest  number  of  devoted  adherents  ; 
cni  plurimi  et  acerrimi  comites.  The  question  arises,  How  did  tlie 
chieftains   get  these  adherents?     Evidently,  from  all  we  can 
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gather  from  Tacitus  as  well  as  from  later  sources  of  information, 
by  individual  choice  prompted  by  individual  preference  on  the 
part  of  the  freemen.  The  freeman  selected  among  all  the  chief- 
tains the  one  he  preferred  to  follow  and  obey  ;  came  to  him  with 
his  arms,  cum  ctrma  and  took  the  oath  of  allegiance  ;  Triistem 
€t  Jidelifatern  covjaravit  (see  old  formula,  Rosiere,  VIII).  This  is 
the  sort  of  election  that  obtained  among  the  Germans,  and  it  is 
not  inconsistent  with  the  hereditary  character  of  their  chieftain- 
ship. The  chieftainship  of  the  early  Germans  was  hereditary  and 
also  elective ;  not  elective,  however,  in  the  modern  fashion,  by 
majorities  of  the  electors,  but  by  their  individual  choice  prompted 
by  their  individual  preference.  The  chieftains  were  elected  by 
divisions  among  the  electors.  Drop  a  number  of  magnets  of 
different  size  and  power  among  a  lot  of  iron  tacks,  and  you  will 
see  an  election  of  the  magnets  by  the  tacks  upon  the  old  Teutonic 
principle.  There  were  many  chieftains  in  each  nation,  and  among 
them  the  freemen  were  at  liberty  to  choose  those  whom  they  indi- 
vidually preferred  to  follow  and  obey.  Tlie  result  of  this  was 
tliat  the  freemen  were  constantly  separating  into  groups,  and  each 
group  iiad  its  chieftain  ;  and  the  sijze  of  the  group  varied  according 
to  the  attractive  force  of  its  leader.  If  he  was  particularly  noble 
by  birth,  rich  in  land  or  stock,  or  distinguished  for  courage  or 
success,  he  was  sure  to  have  many  followers.  If  he  was  not  par- 
ticularly noble,  nor  rich,  nor  distinguished,  he  had  very  few. 

This  interpretation  of  the  testimony  of  Tacitus  is  quite  different 
from  that  which  has  been  generally  adopted.  The  prevailing 
oi)inion  is,  that,  according  to  the  account  of  Tacitus,  there  were 
cliieftains  who  were  elected  upon  democratic  princii)les,  who  acted 
as  representatives  of  tlie  people  ;  and  each  of  them  had  about  iiim 
a  band  of  personal  followers,  as  a  sort  of  body  guard.  As  Canon 
Stubl)s  says  (Doc.  III.  of  Engl.  Hist.,  Introd.,  p.  8)  :  Tlie  vil- 
Ijifcs  and  cantons  were  governed  by  the  2^i'incipes  a[)pointe(l  l)y  the 

nation  in  its  popular  assembly  and  the  prlncipes  had  tiic 

j)rivilege  of  IxMug  attended  ))y  a  train  of  comifcfi,  who  fouglit  for 
them  in  battle,  waiteil  upon  them  in  peace,  and  regarded  tin;  honor 
of  assfXjiation  with  tlicui  as  nK)r(!  than  a  compensation  for  such 
<lirninution  of  frcfidom  as  the  relation  of  pation  and  depc^ndcnt 
involved.  The  U^xt  of  th<^  (i(!rma,ni;i  do(!S  not,  however,  admit  of 
any  .such  intciprftalJon  ;  nor  is  it  consislcnt  with  the  testimony 
of  llie  later  rccoids. 
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The  conclusion  we  reach  then  is,  that  there  were  two  classes  of 
freemen, —  those  who  had  the  right  to  be  chieftains  and  those  who 
were  the  personal  followers  and  companions  of  the  chieftains. 
The  right  to  be  a  chieftain  was  hereditary  ;  bnt  those  who  had  not 
this  right  were  at  liberty  to  choose  among  the  chieftains  those 
whom  they  personally  preferred.  Although  the  office  of  chieftain 
was  hereditary,  it  did  not^^e?'  se  involve  the  adherence  of  followers. 
The  chieftainship  was  hereditary,  but  followers  were  not  inherited 
with  it.  The  adherence  of  the  followers  was  in  all  cases  personal. 
It  was  also  voluntary. 

This  last  statement  must  not  be  made,  however,  without  a  quali- 
fication. The  adherence  of  the  followers  was  in  all  cases  personal, 
and  it  was  voluntary  unless  the  followers  were  dependents.  We 
must  divide  the  followers  into  two  classes, —  free  followers  and 
dependents. 

We  might  infer,  from  what  Tacitus  tells  us  in  his  fourteenth 
chapter,  that  the  followers  were  regularly  dependent  upon  their 
chieftains  for  food  and  arms  ;  but  I  cannot  regard  the  statements 
in  the  chapter  as  strictly  correct ;  for,  in  Chapter  13,  Tacitus  tells 
us  that  some  of  the  followers  got  their  arms  from  their  fathers  or 
kinsmen,  as  if  by  inheritance  ;  and,  in  Chapter  20,  he  speaks  of 
a  law  of  inheritance,  according  to  which  all  property  was  equally 
divided  among  sons  or  nearest  kinsmen.  Therefore  some  of  the 
followers,  probably  many  of  them,  had  wealth  of  their  own,  and 
were  not  necessarily  dependent  upon  their  chieftains.  There  were 
two  classes  of  followers, —  those  who  were  dependent  upon  their 
chieftains  for  food  and  arms,  and  those  who  had  their  own  means 
of  subsistence  and  self-defence  ;  and  it  made  a  great  dilference  in 
that  early  society  whether  a  man  belonged  to  one  class  or  the 
other. 

Tacitus  tells  us  (Germ.,  Cap.  44)  in  a  passage  seldom  quoted, 
but  a  passage  that  seems  to  me  very  significant,  that  among  the 
Suiones,  the  Germans  of  the  North,  wealth  was  greatly  esteemed, 
and  that  it  followed  from  that  that  the  chieftains  could  govern 
with  no  doubtful  claim  to  obedience  :  est  apud  illos  et  opibus  honos, 
eoque  unus  imperitat,  nuUis  iam  exceptionihus^  non  precario  iure 
parencU.  Compare  the  capitulary  of  the  year  813  ;  where  it  is 
written  (XVI),  that  no  one  was  free  to  leave  his  chieftain  (senior) 
after  receiving  from  him  the  equivalent  of  one  solidus ;  unless  his 
chieftain  attempted  to  slay  him,  or  beat  him  with  a  stick,  or 
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attempted  to  dishonor  his  wife  or  daughter,  or  sought  to  deprive 
him  of  his  inheritance. 

The  Visigothic  Law  (V,  III,  1)  reads  as  follows:  If  anyone 
give  his  follower  arms  or  anything  else,  and  he,  the  follower,  de- 
sires to  desert  his  patron  to  choose  another,  he  must  first  restore 
to  him  everything  received  by  way  of  benefice.  We  see  from  this 
that  if  the  Tacitean  comes  got  his  arms  from  his  chieftain,  he  was 
not  free  to  desert  him  until  he  gave  them  back.  According  to  the 
ancient  custom  of  the  Lombards,  as  we  learn  from  a  capitulary  of 
the  3^ear  793,  a  freeman  could  commend  himself  to  whomsoever  he 
pleased  ;  De  Uberis  hominihus  Langohardis  ut  licentiam  habeant  se 
commendandi  ubi  voluerint.  So  in  the  Edict  of  Rothar,  the  Lom- 
bard king  (Sec.  CLXXVII),  "  A  freeman  can  go  where  he  pleas6s 
with  his/c(m  [familia  ijecuniaque]^  with  the  king's  permission  ;  but 
if  he  has  received  an3^thing  from  his  chieftain,  or  any  one  else,  he 
must  restore  that  to  him  or  to  his  heirs."  The  phrase  of  Domesday 
Book  (I,  p.  175),  si  ita  liber  homo  est  ut  habeat  sacam  suam  et 
cum  terra  sua  possit  ire  quo  voluerit,  is  significant  in  this  con- 
nection. 

These  and  other  similar  records  testif}^,  that  among  the  fol- 
lowers there  was  a  class  of  dependent  persons,  who  got  their  arms 
and  the  means  of  subsistence  from  their  respective  chieftains  ; 
that  they  were  bound  in  consequence  of  this  indebtedness,  not 
only  to  remain  with  their  patrons,  but  to  perform  for  them  such 
services  as  were  consistent  with  their  rank  or  dignity.  Compare 
the  capitulary  of  the  year  815,  Cap.  VI.  If  a  man  was  full-free, 
he  was  not  to  do,  or,  rather,  should  not  be  required  to  do,  any 
servile  work.  Compare  the  capitulary  of  tlie  year  793  :  De 
Uberis  hominihus  ad  servilia  non  cogendis;  and  I  may  refer  you 
also  to  the  vSirmondi  Formula,  No.  44,  to  the  words,  iyigenuile 
ordiiie  tibi  servitium  vel  obsequium  impendere  debeam. 

You  see  tliat  tlie  freemen  were  divided  into  two  classes, —  the 
chieftains  and  their  personal  followers;  and  you  see  that  the  per- 
sonal followers  of  the  chieftains  were  divided  into  two  classes, — 
tliose  whose  adherence  was  voluntary,  who  could  desert  their 
chieftains  ad  libilum,  and  those  who  weie  l)ound  in  dependence, 
who  wcie  not  at  liberty  to  (hisert  their  chi(!ftains.  These  were 
the  prime  factors  in  the  oj-ganiz;ition  of  eai  ly  'J'eutonic  society. 

The  clans  and  nations  of  uwu  wc.i  v.  conledcMations  of  moie  or 
less  feudalized  states,  each  under  its  chieftain  ;  and  a  general  or 
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national  assembly  was  a  meeting  of  the  chieftains,  accompanied 
by  their  personal  followers,  voluntary  and  dependent. 

Looking  at  the  account  of  a  general  or  national  assembly  among 
the  early  Germans,  the  account  that  Tacitus  gives  us  in  the 
eleventh  chapter  of  his  "Germania,"  and  explaining  it  by  the  aid 
of  modern  political  facts  and  modern  political  theories,  we  are 
inclined  to  say  that  the  chieftains  were  the  representative  magis- 
trates of  the  people.  We  are  inclined  to  describe  the  assembly 
as  democratic  in  character.  But  the  modern  point  of  view  is  not 
the  only  point  of  view,  it  is  not  the  right  point  of  view. 

Do  we  not  read  in  the  Law  of  Athelstan,  the  Anglo-Saxon  king, 
(Ord.  2,)  that  every  man  had  a  lord  in  the  folkmoot?  Canon 
Stubbs,  Mr.  Freeman,  and  most  of  the  German  writers,  would  say 
that  this  came  to  pass  in  course  of  time.  But  do  we  not  learn 
from  Tacitus  what  we  learn  from  this  law  of  Athelstan  ?  He  tells 
us  that  those  who  were  not  chieftains  took  their  choice  among 
those  who  were,  and  became  their  personal  followers.  It  appears, 
therefore,  that  the  folkmoot^  or  popular  assembly,  in  the  time  of 
Tacitus,  was  —  what  it  was  in  the  time  of  Athelstan  —  an  as- 
sembl}^  of  chieftains  accompanied  by  their  personal  adherents. 

The  philologists  tells  us  that  the  German  word  Konig^  our  king, 
corresponds  with  the  Sanskrit  ganaka;  and  this  signifies  the  father 
of  a  family.  (See  Max  Midler,  Science  of  Language,  II,  284.) 
This  is  a  text  for  us,  pointing  to  the  fact  that  the  kingship  or 
chieftainship  of  early  times  is  rooted  in  the  idea  of  paternity  and 
paternal  authority.  The  authority  of  the  king  or  chieftain  is 
primarily  the  authority  of  the  father  or  the  patriarch :  and  we 
may  say  that,  among  the  branches  of  the  Aryan  race  at  least,  the 
tap-root  in  the  history  of  institutions  is  the  patria  potestas.  It 
was  an  absolute  authorit}^  not  over  wife  and  child  simply,  but 
over  followers  in  dependence,  and  slaves  in  servitude.  The  father 
of  the  family  was  its  sovereign  ruler ;  and  the  clans  and  the 
nations  of  men  were  associations  of  families  bound  together  by 
the  blood  relationship  of  their  heads.  This  blood  relationship  was 
the  sole  bond  of  their  confederation  ;  and  we  have  what  Mr.  Grote 
has  very  happily  described  as  the  omnipotence  of  private  force, 
tempered  and  guided  by  family  sympathies.  In  the  course  of  time, 
however,  certain  families  became  eminent  above  others  by  reason 
of  their  success  in  the  struggle  for  existence.  The  movements  of 
these  families  at  first  determined,  and  afterwards  governed,  those 
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of  all  tlio  other  families  with  which  they  were  in  any  wa}''  as- 
sociated ;  and  the  members  of  such  prominent  families  became 
the  leaders  and  the  rulers  of  their  fellow-men,  as  their  chieftains 
or  their  kings  ;  and  the  authority  of  these  chieftains  or  kings  was 
the  authority  of  heads  of  families,  which  was  the  only  sort  of 
authority  known  to  that  early  society,  passing  be3^ond  the  limits 
of  families  over  bands  of  personal  and  voluntary  adherents.  It 
was  an  absolute  authority,  tempered  only  by  the  independence 
and  liberty  of  those  over  whom  it  was  exerted.  It  was  a  sovereign 
authority  struggling  under  adverse  condition. 

It  was  a  sovereignty,  limited  by  competition.  There  were 
numbers  of  chieftains  in  every  nation,  and  the  people  were  free  to 
transfer  their  allegiance  from  one  to  another ;  the  result  of  which 
was,  that  the  competition  among  the  chieftains  to  get  and  retain 
the  greatest  number  of  devoted  adherents  caused  their  authority 
over  these  adherents  to  sink  to  a  minimum.  The  real  character 
of  that  authority  is  revealed  only  in  the  course  of  time,  when  this 
competition  ceased,  in  consequence  of  the  spread  of  dependence, 
of  settled  life  and  local  attachment ;  or  as  the  result  of  agreement 
among  the  chieftains  in  opposition  to  the  independence  and  liberty 
of  those  whom  they  governed. 

In  the  year  587,  the  Frankish  kings  Guntram  and  Childebert 
agreed  that  tliey  would  not  attempt  to  allure  one  another's  fol- 
lowers from  their  allegiance.  They  would  neither  persuade  them 
to  desert,  nor  receive  them  if  they  did  so :  similiter  convenit  ut 
mdlus  alterius  leicdes  nec  sollicitet  nec  venientes  excipiat.  As  if  our 
cai)italists  should  agree  not  to  solicit  one  another's  workmen,  nor 
to  employ  them  should  they  come  seeking  labor.  As  if  our  great 
land-owners  should  agree  not  to  receive  one  another's  tenants, 
should  they  present  themselves  and  ask  for  leases  of  land.  If 
such  events  should  come  to  pass,  the  power  of  the  capitalist  and 
the  landlord  would  be  revealed  to  our  amazement.  So  it  was  with 
tlie  kings  and  chieftains  of  early  times.  So  long  as  the  competi- 
tion among  them  to  obtain  the  greatest  number  of  devoted  adhe- 
rents was  unchecked,  their  authority  was  kept  at  a  minimum.  But 
when  thlH  competition  ceased,  great  powers,  which  liad  been  lat(!nt 
])(!fore,  became  a[)pn,i(;nt  to  th(;  woild  in  tin;  feudal  monarchy  of 
the  Middle  Ages. 

The  Jiim  of  the  stndcnt  who  i)r(^t(!nds  to  work  in  a  scientific 
way  is  first  to  jittain  a  i)oint  of  vi(;w  embracMiig  all  ascertainalile 
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facts  in  their  natural  and  true  relationship,  and  then  to  lead  others 
to  that  point  of  view.  So  now,  if  3^011  have  followed  me  throng;!! 
my  argument,  and  if  I  have  led  you  to  comprehend  the  facts  we 
have  which  relate  to  tlie  political  organization  of  early  Teutonic 
society,  we  are  prepared  to  reconsider  together  Mr.  Freeman's 
picture  of  free  institutions  in  the  Swiss  Cantons,  and  we  are 
prepared  to  declare  at  once  that  it  will  not  serve  to  describe  the 
political  organization  of  Teutonic  society  as  revealed  in  the  earliest 
accounts  and  records. 

In  early  times  the  office  of  king  or  chieftain  was  hereditary. 
The  office  of  magistrate  in  the  Swiss  commonwealth  is  elective. 
The  elections  take  place  periodically,  and  are  accomplished  by 
the  concurrence  and  agreement  of  a  majority  of  the  electors. 
The  early  kings  and  chieftains  were  also  elected;  not,  however, 
by  majorities  of  the  electors,  but  by  divisions  among  them. 
Every  freeman,  who  was  not  a  dependent,  chose  among  the  kings 
or  chieftains  the  one  whom  he  personally  preferred,  and  remained 
with  him,  under  his  leadership  and  government,  as  long  as  he 
pleased,  and  no  longer.  The  government  of  the  early  kings  and 
chieftains  w^as  paternal  or  monarchical,  in  early  times  rather  pater- 
nal than  monarchical,  in  later  times  the  reverse  of  this.  In  either 
case  the  authorit}'  emanated  from  the  persons  who  exercised  it, 
and  not  from  the  persons  over  whom  it  was  exercised.  In  the 
Swiss  commonwealth,  on  the  contrary,  the  chief  magistrate  is  the 
representative  of  the  people.  It  is  their  sovereignty,  and  not  his 
own,  that  he  administers.  And  as  to  the  law  ;  in  early  times  it 
was  the  voice  of  the  fathers,  of  the  chieftains,  of  the  kings,  while 
in  the  modern  democracy  it  is  the  voice  of  the  people  as  a  legis- 
lative body. 

In  no  respect  do  we  discover  any  resemblance  between  the 
constitution  of  the  democratic  Cantons  of  Switzerland  and  the 
political  organization  of  early  Teutonic  society :  and  it  follows 
that  the  constituting  of  the  Swiss  commonwealth  is  not  an  archaic 
political  institution  that  has  survived  to  our  day  ;  but  an  institution 
which  has  come  into  being  within  comparatively  recent  times. 
Its  origin  is  not  prehistoric,  not  archaic,  but  mediieval.  Parti- 
cularly what  it  was  will  be  a  subject  for  future  investigation. 

A.  A.  A.  S.v  VOL.  XXIX.  45 
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The  Antiquity  of  Man  in  Eastern  America,  geologically 
CONSIDERED.   By  Henry  Carvill  Lewis,  of  Germantown,  Pa. 

[ABSTRACT.] 

In  the  course  of  an  investigation  of  the  surface  geology  of  south- 
east Pennsylvania,  the  writer  has  determined  some  facts  regarding 
one  of  the  gravels,  which,  bearing  directly  upon  the  antiquity  of 
mail  in  America,  become  of  interest.  In  former  papers  the  writer 
has  shown  that  the  gravels  of  the  Delaware  valley  belong  to 
several  distinct  ages  ;  and  if,  therefore,  at  any  place  the  remains  of 
man  are  shown  to  occur,  it  will  be  important  to  know  to  which 
of  these  gravels  they  should  be  referred. 

The  surface  formations  of  southeast  Pennsylvania  may  be 
provisionally  classified  as  five  cla3^s  and  four  gravels.  These  are, 
beginning  with  the  oldest:  (1)  Jurasso-cretaceous  plastic  clay, 
seen  at  Turkey  Hill,  Bucks  Co. ;  (2)  Tertiary  clays  of  the  Bran- 
don Period,''  associated  with  the  iron  ore,  kaolin  and  lignite  of  the 
Montgomery  county  valley  ;  (3)  "  Bryn  Mawr  gravel,"  a  high  level 
gravel  often  found  at  elevations  of  four  hundred  feet,  characterized 
by  the  presence  of  an  iron  conglomerate  and  of  pebbles  of  Pots- 
dam, but  never  of  Triassic  rocks,  and  conjectured  to  be  late 
Tertiary ;  (4)  '•'-Branclitown  clay"  of  probably  similar  age ;  (5) 

Glasshord*  gravel,"  of  latest  Pleiocene  age,  found  also  on  the 
watershed  in  New  Jersey,  between  the  Atlantic  and  the  Delaware, 
and  known  by  its  pebbles  of  Niagara  limestone  and  of  other  fos- 
siliferous  rocks  ;  (6)  Pliiladelplda  red  ^?'ave^,"  of  Champlain  age, 
which  contains  numerous  boulders  of  all  materials,  fragments  of 
Triassic  rocks,  etc.,  which  shows  flow-and-plunge  structure  and 
wave  action  on  a  large  scale  ;  which  rests  on  a  decomposed  gneiss, 
and  wiiich  is  confined  to  the  river  valle^^ ;  (7)  "  Philadelphia  brick 
clay,"  which,  with  its  ])0ulders,  rests  upon  the  last,  and,  like  it, 
appears  to  have  been  deposited  })y  the  waters  of  the  melting 
noi  thern  glacier  ;  (8)  ^'IVenton  gravel,"  a  sandy  river  gravel  form- 
ing the  bed  of  the  Delaware;  (0)  the  modern  alluvial  mad  now 
forming  in  the  tidewater  swamps. 

these  formations,  one  of  tiie  least  conspicuous  at  Philadelphia 
is  that  now  called  the  Trenton  gravel.  It  is  a  true  river  gravel, 
rising  lierc  ])ut  a  few  feet  above  the  water,  and  forming  a  quick- 
sand when  below  water  level.  It  is  of  a  gray  color,  and  contains 
peljbles  composed  (;ntirely  of  the  I'ocks  which  f(;rm  the  upper  v.'dlcy 
of  the  river.  Unlike  older  gravels,  it  has  veiy  few  quartz  pebbles, 
and  its  pebbles  arc  generally  llat.    In  the  middle  of  the  river  at 
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Philmlelphia  it  is  one  Imndred  feet  deep.  On  tracing  this  gravel 
up  the  Delaware  it  is  found  to  rise  higher  above  the  river  and  to 
extend  farther  back  from  it  as  we  proceed  up  stream.  Thus,  at 
Bristol  it  extends  two  miles  back  from  the  river,  and  is  bounded 
by  a  well-marked  hill,  upon  which  rest  the  older  gravels.  At 
Trenton,  the  limit  of  tidewater,  the  narrow  upland  portion  of  the 
valley  begins  ;  and  from  there  up  this  gravel  is  shallow,  and  con- 
fined to  the  river  bed.  The  oceanic  gravels  trend  across  New 
Jersej^,  and  are  no  more  seen.  Two  surface  formations  alone 
remain — the  river  gravel  of  post-glacial  age,  and  the  brickclay,  with 
its  boulders,  of  Champlain  age.  The  first  lies  within  the  last,  and 
both  can  be  traced  up  to  the  great  terminal  moraine  which  crosses 
the  river  at  Belvidere.  It  is  to  be  especially  noted  that  the  Trenton 
gravel  is  newer  than  adrift  of  Champlain  age.  It  is  in  this  Trenton 
gravel,  and  in  this  gravel  only,  that  traces  of  man  are  found. 

The  Trenton  gravel,  at  the  locality  which  gives  it  its  name,  is 
remarkably  well  exposed.  Trenton  is  at  the  point  where  a  long 
narrow  valley  with  continuous  downward  slope  opens  out  into  a 
wide  alluvial  plain,  and  where  the  rocky  floor  of  the  river  suddenly 
descends  below  ocean  level.  It  is  here  that  the  bulk  of  a  gravel, 
swept  down  the  upper  valley,  would,  on  meeting  tidewater,  stop 
in  its  course,  and  with  its  boulders  be  heaped  up  in  a  mass,  immedi- 
ately afterward  to  be  cut  through  by  the  river.  It  was  thus  that  a 
cliff* of  gravel  fifty  feet  high  was  here  formed,  the  river  having  cut 
through  the  gravel  instead  of  flowing  upon  it,  as  at  Philadelphia. 
This  explanation  dispenses  with  the  necessity  of  assuming,  as  some 
geologists  have  done,  the  submergence  of  the  land  by  the  ocean  at 
the  time  of  the  deposition  of  the  gravel.  That  southern  New  Jersey 
was  at  that  time  dry  land  is  shown  by  the  fact  that  this  gravel  at 
Trenton  extends  inland  a  few  miles  only,  and,  having  filled  up  a 
bay  in  the  ancient  flooded  river,  is  bounded  by  hills  of  the  older 
gravel  which  covers  the  southern  portion  of  the  state. 

There  are  many  facts  indicating  that  the  Trenton  gravel  is  a  true 
river  gravel  and  not  a  glacial  moraine.  The  absence  of  glacial  marks 
on  the  rocks,  the  stratified  character  of  the  gravel,  the  topography 
of  its  banks,  the  comparative  amount  of  its  erosion  and  the  char- 
acter of  its  materials,  all  point  to  the  conclusion  that  it  was  depos- 
ited b}^  a  great  flood  of  the  river  ;  and  this,  when  taken  in  connection 
with  the  fact  that  it  lies  in  many  places  within  a  channel  cut  through 
gravel  deposited  by  the  w^aters  of  the  melting  glacier,  indicates  a 
post-glacial  or  at  least  very  late  glacial  age  of  the  Trenton  gravel. 
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The  important  bearing  of  this  conclusion  upon  the  antiquity  of 
man  on  the  Delaware,  which,  as  will  appear,  depends  directly 
upon  the  age  of  this  gravel,  is  here  apparent.  Calculations  based 
upon  the  erosive  power  of  running  water  show  that  the  time  nec- 
essary for  the  river  to  cut  through  this  gravel  down  to  the  rock  need 
not  have  been  long.  On  the  other  hand,  no  such  flood  as  deposited 
this  gravel  has  ever  occurred  within  the  historical  epoch.  No  such 
large  boulders  are  ever  now  carried  down  the  river,  and  no 
modern  rainstorms  could  cause  such  a  flood.  It  is  difficult  to  as- 
sign any  other  cause  than  that  of  a  melting  ghicier.  Since,  how- 
ever, it  can  be  shown  that  the  Philadelphia  brickclay  —  a  clay 
containing  more  and  more  boulders  as  it  approaches  the  terminal^ 
moraine  —  was  formed  by  the  melting  of  the  glacier,  we  here  find 
evidence  of  a  second  and  more  recent  glacier  in  the  Delaware  valley, 
the  melting  of  which  ma}^  have  given  rise  to  the  Trenton  gravel. 

The  hypothesis  of  a  second  glacial  epoch  seems  to  explain  all  the 
facts  observed.  A  similar  period  in  Europe  —  the  reindeer  period 
—  is  supported  by  man}"  facts.  Should  such  a  period  not  be  traced  in 
America,  we  must  assume  two  periods  of  glacial  melting,  the  one 
much  more  recent  than  the  other.  Evidence  is  accumulating  to  show 
that  the  final  melting  of  the  last  glacier  was  not  very  remote. 

The  relics  of  man  which  occur  in  the  Trenton  gravel,  and  which 
were  first  found  by  Dr.  C.  C.  Abbott,  are  of  great  interest.  In  shape, 
in  size,  in  workmanship,  and  in  material  the  implements  here  found 
are  quite  different  from  those  used  by  the  Red  Indian.  These  "palseo- 
liths"  are  embedded  at  various  depths  in  undisturbed  Trenton  gravel. 
There  are  two  points  which  offer  strong  evidence  that  they  are  as  old 
as  the  gravel.  The  first  is  tlie  fact  that  modern  Indian  implements 
(" neoliths"),  althougli  abundant  on  the  surface,  never  occur  more 
than  a  few  inches  below  it,  and  are  never  associated  with  tlie  pala^o- 
litlis,  whicli  are  found  at  depths  of  from  five  to  forty  feet  below  tlie 
sui  face.  This  fact  alone  argues  a  dillerent  age  for  the  two  classes  of 
implements.  The  second  fact  is  that,  when  found  below  the  surface, 
the  palajoliths  always  occur  in  the  Trenton  gravel  and  never  m  old(!r 
gravels.  The  writer  lias  gone  over,  with  Dr.  Abbott,  much  of  the 
;:round  wlKue  the  imphiriKsnts  occur,  and  it  was  very  interesting  to 
find  that  it  was  only  within  tin;  limits  of  the  Trenton  gravel,  pre- 
viously traced  out  by  the  writci-,  that  Abbott  had  found  im[)le- 
jiicnts  b(!low  tli(!  surface;.  JI(!r(;,  tlnui,  is  the  strongest  probability, 
even  if  the  implements  were  found  on  the  sui  face  only,  that  they 
belonged  to  and  were  of  coeval  deposition  with  the  river  gravel. 
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The  implements  found  in  the  river  gravels  of  Europe  are  of  the 
same  type,  though  as  a  rule  perhaps  less  rude.  Similar  implements 
have  been  used  by  the  Eskimos,  and  it  is  probable  that  that  race, 
now  living  in  a  climate  and  under  conditions  perhaps  similar  to 
those  once  existing  in  the  Delaware,  may  have  some  kinship  with 
the  pre-Indian  people  of  this  river.  The  occurrence  of  bones  of 
arctic  animals  and  the  absence  of  all  mollusca  in  the  Trenton 
gravel  indicate  a  period  of  cold. 

All  the  evidence  now  gathered  points  to  the  conclusion  that  at  the 
time  of  the  Trenton  gravel  flood,  man,  in  a  rude  state,  lived  upon  the 
ancient  banks  of  the  Delaware.  If  future  archaeological  work  can 
show  a  connection  between  this  people  and  the  Eskimos,  it  may  be 
appropriate  to  call  the  period  of  the  Trenton  gravel  and  of  this  pa- 
laeolithic people,  a  period  perhaps  following  a  second  glacial  age,  the 
Eskhno  period^  a  name  more  suggestive,  and  derived  from  a  higher 
order  of  beings  than  that  which  gave  the  name  "Reindeer  Period." 

While  others  have  held  that  the  occurrence  of  implements  in  the 
Trenton  gravel  indicates  the  existence  of  man  in  inter-glacial  or 
even  pre-glacial  times,  the  writer  believes  that  the  investigations 
here  described  indicate  the  origin  of  man,  at  a  time  which,  geolog- 
ically considered,  is  recent.  Neither  in  the  Champlain  deposits, 
in  the  morainic  material  of  the  north,  nor  in  any  older  gravels 
have  undoubted  traces  of  man  been  discovered. 

The  actual  age  of  the  Trenton  gravel,  and  the  consequent  antiq- 
uity of  man  in  the  Delaware,  cannot  be  determined  by  geological 
data  alone.  It  is  the  aim  of  this  paper  to  define  man's  antiquity  in 
relation  to  geological  rather  than  to  historical  events.  If,  in 
showing  that  the  period  of  the  Trenton  gravel  is  the  last  of  the 
geological  ages,  it  does  not  necessarily  follow  that  it  is  by  any 
means  recent ;  it  must  be  remembered,  on  the  other  hand,  that  its 
high  antiquity  is  not  proven  by  the  facts  thus  far  observed. 

The  conclusions  to  which  the  facts  seem  to  point  are  summarized 
as  follows : 

1.  That  the  Trenton  grayel,  the  only  gravel  in  which  im- 
plements occur,  is  a  true  river  deposit  of  post-glacial  age,  and 
the  most  recent  of  all  the  gravels  of  the  Delaware  valley. 

2.  That  the  palseoliths  found  in  it  really  belong  to  and  are  a  part 
of  the  gravel,  and  that  they  indicate  the  existence  of  man  in  a  rude 
state  at  a  time  when  the  flooded  river  flowed  on  top  of  this  gravel. 

3.  That  the  data  obtained  do  not  necessarily  prove,  geologi- 
cally considered,  a  vast  antiquity  of  man  in  Eastern  America. 
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Ancient  Mounds  op  Illinois.    By  William  McAdams  of 
Otterville,  Illinois. 

The  State  of  Illinois, 'especially  in  the  region  about  the  mouth  of 
the  Illinois  and  Missouri  Rivers,  is  remarkably  rich  in  the  remains  of 
a  pre-historic  people.  In  a  radius  of  fifty  miles  from  the  months  of  the 
above-named  rivers  there  are  thousands  of  mounds,  representing  nearly 
every  variety  found  in  the  Union.  The  central  geographical  position 
and  great  natural  resources  of  this  region  doubtless  made  it  the  great 
centre  of  our  ancient  population.  As  I  have  during  the  past  twenty- 
five  years  explored  a  considerable  number  of  mounds  in  the  vicinity 
designated  above,  the  result  may  not  be  uninteresting. 

It  is  generally  believed  by  the  public,  or  used  to  be,  that  all  these 
mounds  of  earth  are  old  burial-places,  and  if  one  will  dig  down  to  the 
bottom  of  the  structure  he  will  find  the  bones  of  a  human  body,  and 
such  weapons  and  other  things  as  were  buried  with  it.  This  I  have 
not  found  to  be  so.  Many  of  you  will  no  doubt  be  surprised  to  hear 
me  state  that  I  have  dug  in  hundreds  of  mounds  in  this  State  without 
finding  a  sinofle  tomahawk  or  stone  axe,  and  I  am  inclined  to  think 
that  some  of  the  mounds  were  constructed  for  other  purposes  than 
that  of  burial. 

There  is  in  this  region  a  peculiar  class  of  mounds  that  was  for  a 
long  time  a  puzzle  to  me.  They  are  usually  found  in  groups  of  from 
two  or  three  to  twenty  or  thirty,  and  even  more,  and  are  generally  on 
some  pleasant  knoll,  or  rising  ground,  in  the  vicinity  of  a  spring  or 
watercourse,  especially  in  the  vicinity  of  our  prairies  or  level  areas  of 
land.  These  mounds  are  from  one  to  three,  and,  in  a  few  instances,  even 
four  feet  in  height,  and  from  twenty  to  fifty  feet  in  diameter.  One 
mound  of  the  group  is  always  larger  than  the  rest,  and  always  occupies 
tli(i  commanding  position.  Sometimes  tlie  group  is  arranged  in  a 
circle;  other  groups  have  no  appanjnt  design  in  arrangement.  Num- 
bers of  tliese  mounds  can  be  He(;n  in  the  cultivated  fields. 

Although  1  have  made  excavations  in  them,  and  dug  trenches  entirely 
through  tliem,  I  have  fouiid  nothing  but  ashes,  charcoal,  decayed 
j)orLionH  of  the  bones  of  fishes  and  animals  partially  burned,  shells  from 
the  adjacent  Btreams,  flint  (;l)ipj)ings,  and,  in  on(;  or  two  instances,  a 
flint  implement  of  a  rud(;  chara(;ter. 

After  examining  many  of  these  structures  I  am  induced  to  Ixflieve 
tliat  tliey  are  [)Ossibly  the  n^niains  of  aiuMcnt  dwellings,  made  by 
placing  in  an  upi  ight  jiobitlon  the  trunks  of  young  trees  in  a  circle,  or 


BY  WILLIAM  Mc ADAMS. 


711 


in  parallel  rows,  the  tops  of  the  poles  inclining  inward  and  fastened 
together,  the  whole  being  covered  with  earth  and  sod  to  form  a  roof,  or 
in  the  same  manner  as  many  Indian  tribes  make  their  mud  lodges,  as, 
for  instance,  the  Mandans  and  the  Omahas.  Such  a  structure,  after  being 
repaired  from  time  to  time  by  the  addition  of  more  earth  on  the  top, 
would  finally,  by  the  decay  of  the  poles,  fall  inward,  and  the  ruins 
would  form  a  slight  mound. 

Conant  and  Putnam  describe  such  mounds  in  Missouri  and  Tennes- 
see, some  of  the  largest  of  these  ancient  towns  being  provided  with 
streets  and  highways.  They  are  also  found  in  southern  Illinois,  Indi- 
ana, and  Ohio.  Putnam  has  described  an  enclosed  town  in  Tennes- 
see, in  which  were  many  low  mounds,  or  rather,  as  he  calls  them,  earth 
circles,  that  he  has  pretty  conclusively  shown  to  be  the  sites  of  the 
lodges  or  houses  of  the  people. 

In  this  vicinity  there  are  also  hundreds  of  burial  mounds,  and  among 
them  there  is  a  marked  difference,  and  they  have  been  made,  appa- 
rently, by  different  tribes  or  peoples,  who  have  succeeded  one  another 
as  occupants  of  the  locality.  The  oldest  of  these  are,  perhaps,  the 
simple  mounds  of  earth,  one  to  four  feet  in  height,  and  twenty  to  thirty 
feet  in  diameter,  measuring  across  the  top. 

These  old  mounds  are  as  firm  and  compact  as  the  undisturbed  sub- 
soil, and  might  not  be  considered  artificial  if  it  were  not  for  the 
occasional  finding  of  a  tooth  or  a  portion  of  decayed  human  bone. 
Sometimes  nothing  is  found  at  all,  except  the  discolored  earth  where 
ages  ago  a  human  body  once  lay. 

Another  kind  of  burial  mound  more  numerous,  and  generally  much 
larger,  is  oval  or  egg-shaped.  These  are  mostly  found  near  the  river 
bluffs.  A  large  mound  of  this  class  is  situated  on  the  farm  of  S.  P. 
Dinsmore,  two  miles  from  the  mouth  of  the  Illinois  River.  It  is  one 
of  a  group  of  a  dozen  on  the  top  of  a  sharp  ridge,  and  is  a  conspicuous 
landmark.  The  top  of  the  mound  measures  one  hundred  feet  in 
length,  and  fifteen  in  width,  and  has  a  steep  slope  from  the  sides  and 
ends  to  the  base.  It  is  about  sixteen  feet  high.  This  mound  was  in 
a  most  perfect  state  of  preservation  until  some  two  years  ago,  when 
Mr.  Dinsmore  invited  me  to  be  present  at  its  examination.  Using 
ploughs  and  road-scrapers,  some  two  feet  or  more  of  the  entire  surface 
of  the  mound  was  taken  oft",  when  a  number  of  human  skeletons  were 
revealed  in  a  tolerable  state  of  preservation,  due  no  doubt  to  the 
peculiar  character  of  the  surrounding  earth,  together  with  the  favor- 
able position  of  the  mound. 
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Near  tlie  head  of  one  of  the  skeletons,  at  the  western  etid  of  the 
mound,  was  found  a  large  sea-shell,  fashioned  into  a  neat  vessel.  In 
this  vessel  were  a  number  of  bone  instruments  made  from  the  leg- 
bones  of  birds,  —  probably  tlie  wild  turkey.  Each  one  of  these  bone 
implements  had  near  its  middle  a  spur  larger  than  that  of  a  cliicken. 
About  the  neck  of  the  skeleton  were  a  number  of  small  sea-shells,  each' 
of  which  was  perforated,  and  they  evidently  had  once  formed  a  neck- 
lace. The  skull  of  the  skeleton  we  carefully  preserved,  and  I  have 
since  given  it  to  the  Cambridge  Museum. 

At  the  western  end  of  the  mound,  a  few  feet  below  the  surface, 
another  skeleton  was  found,  with  several  implements  of  bone,  a  flint 
knife,  a  rude  pipe,  a  large  plate  of  mica,  nearly  ten  inches  square,  and 
half  an  inch  in  thickness;  also  several  pieces  of  lead  ore,  from  one  to 
six  pounds  in  weight.  One  of  the  pieces  of  ore  had  been  worked  with 
smooth  faces,  apparently  for  an  ornament.  We  have  no  evidence  as 
yet  that  the  mound-builders,  or  ancient  inhabitants,  had  any  knowl- 
edge of  smelting  ores. 

An  excavation  near  the  middle  of  the  mound,  at  the  depth  of  fifteen 
feet,  disclosed  a  basin  of  hard-burned  clay,  in  which  were  dry  ashes 
and  the  remains  of  another  human  skeleton,  with  implements  of  bone, 
and  a  large  number  of  small  perforated  sea-shells,  similar  to  those 
found  near  the  top  of  the  mound. 

Another  mound,  a  few  hundred  yards  distant,  was  also  examined. 
It  was  nearly  conical  in  shape,  ten  feet  high,  and  some  thirty  feet  in 
diameter  at  the  base.  An  excavation  was  carried  down  from  the 
centre,  and  at  the  depth  of  eight  feet  a  hard  basin  of  clay  was  reached, 
and  in  the  ashes  was  another  curious  vessel,  made  from  an  immense 
sea-sh(ill.  In  the  shell  were  portions  of  partially  burned  human  bones 
mingl(;d  with  ashes.  This  shell  around  its  largest  part  measures  not 
far  from  thirty  inches. 

From  a  luunber  of  other  mounds  of  this  kind  in  the  county  1  have 
taken  sea-shells,  pipes,  copper,  and  stone  ornanxMits,  but  seldom  any 
kind  of  a  flint  implcirKMit  or  weapon.  ()(*casionally,  :ui  arrow  [)<)int  of 
rude  manufacture  is  foimd  with  the  r<!mMins,  but  in  su(-h  cases  I  am 
inclined  to  believe  they  W(!re  in  tli(;  body,  and  j)erhaj)s  the  cause  of 
death.  There  are  a  gnjat  many  mounds  of  this  cliaract(;r  in  Calhoun 
(bounty.  Nearly  all  of  them  contaiti  sea-shells,  iMuh;  pipes,  and  bone 
im(»leinentH. 

'J'heiv;  are  f;onHidorable  numbers  of  a  p(;culiar  kin<l  of  burial  moimd, 
dilTciing  but  little  from  thos(;  ju^t  described,  that  also  seem  to  have 
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been  used  for  purposes  of  cremation.  An  altar  or  basin  of  clay  was 
made  on  the  surface  of  the  ground,  raised,  in  most  instances,  a  couple 
of  feet  or  more.  This  basin  was  sometimes  round,  and  five  or  six  feet 
in  diameter  ;  in  other  instances,  it  was  elongated,  and  from  ten  to 
thirty  or  forty  feet  long.  In  this  basin  the  body  or  bodies  were 
placed,  and,  after  being  covered  with  combustible  substances,  the 
whole  was  burned,  and  when  it  had  cooled,  some  of  the  ornaments  of 
the  deceased,  with  his  pipe,  were  placed  on  the  ashes.  A  large 
mound  was  then  erected  over  the  remains. 

Sometimes  the  remains,  consisting  of  the  calcined  bones,  were  placed 
in  a  large  sea-shell ;  at  other  times,  they  were  left  on  the  ashes,  and  in 
two  instances  I  have  found  such  remains  in  large  turtle-shells. 

These  cremation  mounds  are  sometimes  wholly  of  earth  and  some- 
times partly  of  stone.  One  large  mound  of  this  kind,  near  the  mouth 
of  the  Illinois  River,  is  largely  composed  of  stones  mingled  with  earth. 
The  mound  seems  to  have  been  built  up  gradually  by  the  cremation 
and  burial  of  many  bodies  until  the  structure  was  finished.  TJie  altars, 
made  of  flat  stones,  lie  one  above  another.  Possibly  this  mound  was 
used  by  a  tribe  or  large  family,  on  which  they  burned  and  buried  their 
dead  for  generations. 

Evidences  in  connection  with  some  of  these  mounds  have  led  me  to 
believe  that  funeral  rites  of  the  most  horrid  description  might  have 
been  sometimes  practised.  On  opening  a  large  earth  mound  in  Cal- 
houn County,  I  came  upon  the  raised  basin  or  altar  in  the  centre, 
which  showed  unusual  care  in  its  erection,  it  being  ornamented,  ap- 
parently, with  brilliant  sheets  of  mica.  The  altar  was  burned  nearly 
as  hard  as  brick,  and  was  filled  with  ashes,  in  which  was  a  curious 
shell  vessel  containing  ashes  and  partially  burned  pieces  of  human 
bones.  On  the  ashes  beside  the  vessel  were  a  primitive  pipe  and  some 
curious  ornaments  of"  stone.  While  I  was  examining  these  strange 
relics  with  an  antiquarian's  interest  and  delight,  my  companion,  who 
had  continued  the  excavation,  came  upon  a  second  circle  of  burned 
clay,  lower  down,  and  surrounding  the  first  altar.  When  this  second 
structure  was  laid  bare,  the  fact  was  revealed  that  a  number  of  bodies 
had  been  burned  upon  it.  No  ornament  of  any  kind  was  found  on  the 
lower  circle.  After  a  season  of  thought  we  were  constrained  to  be- 
lieve that,  possibly,  we  had  opened  the  tomb  of  some  ancient  savage 
ruler,  whose  funeral  obsequies  had  been  celebrated  with  great  cere- 
mony ;  and  when  his  body  was  cremated  on  the  altar  of  clay,  human 
sacrifices  were  also  made,  that  his  servants  might  accompany  him  to 
the  happy  hunting-grounds  in  the  realms  of  the  sun. 
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It  is  thought  by  some  that  the  later  Indians  or  Red  Men,  with 
whom  the  whites  came  in  contact,  sometimes  erected  small  mounds, 
but  the  custom  certainly  was  not  general  among  them,  and  there  are 
few  well-authenticated  accounts  of  white  men  ever  actually  seeing  the 
modern  Indians  erecting  a  mound,  either  over  their  dead  or  for  other  pur- 
poses. Yet  there  are  very  many  burial-places  in  this  vicinity  that  might 
be  ascribed  to  the  later  Indians.  Their  favorite  and  common  places 
of  burial  were,  no  doubt,  the  high  points  along  the  river  bluffs,  —  nat- 
ural mounds  in  the  soft,  marly  earth,  in  which  it  was  easy  to  dig  their 
shallow  graves.  The  pioneer  white  settlers  state  that  the  Indians 
sometimes  brought  their  dead  from  distant  points  to  bury  them  on 
some  favorite  prominence.  Sometimes  in  ploughing  these  knolls,  at 
the  present  day,  the  remains  are  exposed,  so  shallow  have  they  been 
buried,  and  there  is  no  doubt  that  mounds  already  made  were  often 
used  as  burial  places  by  the  modern  Indian.  There  is,  in  fact,  scarcely 
a  mound  near  the  mouth  of  the  Illinois  River  but  what,  if  you  at- 
tempt its  exploration,  the  very  first  time,  perhaps,  the  spade  is  sunk 
in  the  soft  loess,  you  will  have  evidence  of  an  intrusive  burial,  and 
one  is  almost  startled  to  turn  out  suddenly  a  smooth,  well-preserved 
Indian  cranium  ;  and  you  have  to  dig  some  distance  below  the  in- 
trusive burial  to  find  the  ancient  and  primary  deposit  over  which 
the  mound  was  built ;  and  one  is  sometimes  greatly  surprised,  if  he 
should  be  so  fortunate  as  to  find  a  skull  at  the  base  of  the  mound,  to 
see  how  different  it  is  from  the  one  first  discovered. 

Sepulchral  mounds,  such  as  were  made  by  the  people  who  erected 
the  great  mounds  and  earthworks  of  Ohio  and  elsewhere,  are  also 
found  in  this  vicinity.  There  are  a  few  in  the  low  lands  of  Calhoun, 
Gieen,  Scott,  and  Pike  Counties,  and  across  the  river  in  St.  Charles 
County,  Mo.,  but  in  the  American  liottom,  opposite  the  mouth  of  the 
Missouri  Rive;)-,  Ijclow  Alton,  they  are  numerous,  and  of  the  grandest 
proportions. 

One  which  I  measured,  three  mil(!S  from  East  St,  Louis,  is  forty 
ii'.vt  in  height  and  seventy  yards  long  at  the  base.  It  is  quite  perfect, 
aiid  at  a  distance  resembles  a  huge  rick  of  hay.  In  some  of  the  large 
fields  in  this  vicinity  dozens  of  them  can  be  seen  like  ricks  of  hay  in  a 
mrtadovv. 

OiKt  hirgf,  tnoMtid  of  this  description,  but  different  in  shape  at  the 
base,  has  Ix-fui  nfaily  removed  by  llie  C'hic;i,go,  Alton,  &  St.  Louis 
and  other  railways  at  a  station  calhid  Mitchel,  oti  Long  Lake,  ten 
ijiiies  this  side  of  St.  Louis.    The  mound  was  u  hundred  paces  long, 
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very  nearly  as  wide,  and  between  thirty  and  forty  feet  in  height. 
Several  railroad  tracks  go  through  either  side,  and  only  a  portion  of 
tlie  centre,  from  north  to  south,  remains,  giving  the  investigator  a  fine 
opportunity  to  determine  from  its  homogeneous  structure  its  artificial 
origin.  Many  curious  and  interesting  relics,  once  the  property  of  the 
ancient  builders,  were  taken  from  this  mound  by  the  workmen,  and 
are  now  in  my  possession.  Near  the  base  of  this  mound  the  work- 
men came  upon  a  skeleton  with  a  wrapping  of  matting  made  from 
woven  grass.  With  the  body  had  been  interred  a  large  number  of 
copper  implements  and  ornaments.  The  copper  had  preserved  por- 
tions of  the  matting,  together  with  portions  of  the  head  of  a  buffal-o, 
including  the  teeth.  This  is  the  first  instance,  I  believe,  on  record, 
in  which  the  remains  of  a  buffalo  have  been  found  in  an  ancient 
mound. 

Mounds,  such  as  here  described,  in  the  American  Bottom  and  in  the 
low  lands  of  Illinois,  are  seldom,  if  ever,  found  on  the  bluffs.  On  the 
rich  bottom  lands  of  the  Illinois  River,  within  fifty  miles  of  its  mouth, 
I  have  seen  great  numbers  of  them,  and  examined  several.  The  peo- 
ple who  built  them  were  probably  connected  with  the  Ohio  mound- 
builders,  although  in  this  vicinity  they  seem  not  to  have  made  many 
earthen  embankments,  or  walls,  enclosing  areas  of  land  as  is  common 
in  Ohio.  Their  manner  of  burial  was  similar  to  the  Ohio  mound-build- 
ers, however,  and  in  this  particular  they  had  customs  similar  to  the 
mound-builders  of  Europe. 

Many  of  these  mounds  have  yielded  the  richest  relics,  some  of  which 
are  very  peculiar,  and  are  calculated  to  throw  great  light  on  the  man- 
ners and  customs  of  that  ancient  people.  Implements  of  stone  and 
copper  are  very  common  in  the  mound-builder  mounds  of  the  West. 
Those  of  Illinois  differ  but  little  from  those  of  Ohio,  and  I  shall  not 
enter  into  any  description  of  them  in  detail  excepting  the  pipes,  of 
which,  in  Illinois,  we  have  three  distinct  types.  Those  peculiar  pipes, 
with  the  crescent  base,  and  characteristic  of  the  mound-builders,  are 
found  in  this  vicinity  in  great  perfection.  In  fact,  some  of  the  finest 
mound-builder  pipes  we  have  ever  seen  have  been  taken  from  mounds 
in  Illinois. 

Among  all  the  ancient  relics  the  pipe  seems  to  indicate  best  the 
former  condition  of  its  owner.  That  peculiar  people  who  built  the 
earth  works  and  the  great  mounds  disclosed  a  higher  taste  and  a  much 
greater  skill  in  the  manufacture  of  their  pipes  than  any  other  pre- 
historic people  of  this  country.     They  had  great  genius  for  delin- 
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eation,  and,  with  wonderful  patience  and  skill,  carved  from  rock 
imitations  of  animals  and  birds  and  other  objects  of  nature,  which, 
when  finished,  served  them  for  a  pipe. 

The  mound-builders'  pipes  were  mostly  made  from  catliuite,  which 
is  not  a  very  hard  rock.  I  have  never  seen  a  pipe  made  from  porphyry 
or  any  of  the  varieties  of  granite.  It  is  probable  that  a  rock  harder 
than  limestone  was  seldom  used  for  the  manufacture  of  pipes. 

There  is  another  class  of  mounds,  of  which  we  have  numbers.  They 
are  generally  situated  on  the  elevated  bank  of  some  lake  or  stream, 
and  are  usually  not  more  than  a  foot  or  two  above  the  surrounding 
level.  In  some  of  these  burial  places  no  elevation  is  perceptible,  and 
they  are  simply  cemeteries,  where  hundreds  of  persons  were  buried  so 
close  together  that  graves  made  previously  have  been  intruded  upon. 

I  call  them  pottery-mounds  from  the  fact  that  in  nearly  all  the 
graves  vessels  of  pottery  have  been  deposited.  It  seems  to  have  been 
the  custom  of  this  people  to  deposit,  in  the  grave  with  their  dead,  one 
and  oftentimes  two  earthen  vessels,  one  containing  food  and  the  other 
liquid,  probably  water. 

Nearly  all  the  food  vessels  contain  one  or  two  valves  of  a  shell, 
Unio,  together  with  a  dark  mould.  In  the  mould  in  the  bottom  of 
these  vessels  I  have  found  carbonized  corn.  Many  of  these  earthen 
vessels  are  nicely  made,  and  indicate  a  high  degree  of  knowledge  of 
the  ceramic  art,  as  well  as  the  imitative  genius  of  that  people. 

As  the  mound-builder  imitated  nature  in  his  pipes,  so  the  pottery- 
maker  copied  after  nature  in  the  manufacture  of  his  earthen  vessels, 
which  were  shaped  to  represent  birds,  beasts,  fish,  human  beings,  and 
many  other  objects  that  happened  to  strike  his  fancy.  Some  of  these 
vessels  are  made  to  represent  objects  with  great  fidelity ;  while  others, 
especially  of  the  human  form,  are  ridiculous  caricatures.  Some  time 
ago,  while  exploring  in  one  of  these  mounds,  I  suddenly  came  upon  a 
Inige  tortoise,  which  I  sent  with  some  force  from  the  shovel,  and 
unfortunat(;iy  it  struck  a  tree,  and  broke  into  fragments,  and  revealed 
our  great  Iohs.  The  tortoise  was  a  perfect  gem  of  ceramic  art.  In 
the  same  mound  I  came  near  casting  to  one  side  the  valve  of  a  shell, 
which  proved  to  be  a  perfect  and  beautiful  piece  of  eartlienware. 

Some  of  the  long-ru;ck(!d  water-bottles  from  the  pottery  mounds 
gtrongly  rcHcmble  in  Hha])e  those  of  aruMent  Kgy[)t,  while  others  re- 
semble the  ancient  water- vchscIs  of  r(;ru.  These  earthen  vessels  are 
rnjidf,  of  a  cornf»ourid  of  which  clay  is  the  piiru-ipal  part,  and  ap|)ear 
to  liave  been  baked  or  liardened  by  fire.     We  have  seen  some  of  these 
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vessels  that  still  show  traces  of  bright-colored  pigments,  with  which 
they  had  been  painted.  Other  vessels  are  ornamented  with  scroll 
work  and  lines  arranged  with  taste. 

The  pottery-makers,  like  the  mound-builders,  were  evidently 
great  smokers ;  but  they  made  their  pipes  in  a  dijfferent  shape.  I 
have  yet  to  see  a  single  pipe  from  a  pottery  mound  with  the  curved 
base  forming  the  mouthpiece  so  characteristic  of  the  mound-builder. 
The  pipes  found  with  the  pottery  are  almost  invariably  made  for  the 
insertion  of  a  stem;  the  hole  for  which  is  funnel-shaped,  like  that  of 
the  bowl  for  the  tobacco. 

Some  of  these  pipes  are  of  large  size,  and  look  more  like  idols  or 
heathen  images  than  pipes  for  smoking.  I  have  two  curious  pipes  of 
this  kind  that  represent  human  beings  of  hideous  countenance,  and 
holding  up  before  them  a  perfect  representation  of  one  of  their  char- 
acteristic vessels.  The  vessels  form  the  bowl  of  the  pipe,  while  the 
place  for  the  insertion  of  the  stem  is  in  the  back  of  the  image.  Put- 
nam figures  a  pipe  of  this  same  design,  cut  out  of  steatite,  from  a 
mound  in  Tennessee. 

The  pipes  from  the  pottery-mounds  are  generally  made  of  stone, 
the  majority  of  them  being  catlinite.  I  have  them  also  made  of  lime- 
stone, sandstone,  and  clay. 

The  third  type  of  pipes  which  I  recognize  are  those  commonly  used 
by  our  modern  red  men.  In  this  pipe  the  hole  for  the  insertion  of 
the  stem,  instead  of  being  funnel-shaped  like  the  pottery-maker's 
pipes,  is  generally  a  cylindrical  hole,  of  uniform  size  its  whole  length. 

Another  class  of  mounds,  of  an  exceedingly  interesting  character 
have  been  called  "  Temple  Mounds,"  and  are  distinguished  by  their 
great  regularity  and  generally  large  dimensions.  They  are  chiefly 
pyramidal  structures,  truncated,  and  generally  have  graded  avenues 
to  their  tops.  In  some  instances  they  are  terraced.  But,  whatever 
their  form,  —  whether  round,  oval,  square,  or  octangular,  —  they 
have  invariably  flat  or  level  tops.  Antiquarians  generally  agree  in 
believing  that  the  summits  of  these  structures  were  crowned  with 
temples,  which  were  constructed  of  wood  and  perishable  materials. 

The  best  representative  of  this  class  of  structures  on  this  continent 
is  to  be  seen  in  the  stupendous  mound  on  the  bank  of  the  Cahokia 
Creek,  four  miles  from  the  bridge  approach  in  East  St.  Louis.  This 
great  work  has  been  often  described,  and  I  need  only  allude  to  it  in 
this  connection.* 

*  For  a  recent  account  and  figure,  see  Putnam,  12tli  Report  Peabody  Mu- 
seum, p.  470. 
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There  is  still  another  class  of  mounds,  found  in  the  American  bot- 
tom, and  elsewhere  in  the  rich  alluvial  bottoms  of  the  Mississippi,  as 
well  as  occasionally  in  Ohio.  They  are  called  platform  mounds,  and 
are  usually  square  in  shape,  with  a  level  surface,  and  from  two  to 
thirty  or  forty  feet  in  height.  They  are  more  numerous  and  of  larger 
proportions  in  the  American  bottom,  opposite  the  mouth  of  the  Mis- 
souri River.  From  the  elevated  position  on  the  top  of  the  great 
temple  mound  on  the  Cahokia  Creek,  many  of  the  square  platforms 
can  be  seen  ;  some  of  them  quite  near  the  base  of  the  great  mound,  ' 
others  far  out  on  the  plain.  Numbers  of  these  platforms  are  utilized 
by  the  people  in  the  American  bottom  for  building  sites,  for  which 
purpose  they  answer  excellently. 

In  excavating  in  these  platform  mounds  for  cellars,  wells,  founda- 
tion walls,  etc.,  great  quantities  of  curious  relics  of  human  handiwork 
are  met  with,  showing  they  certainly  were  used  for  sepulchral  pur- 
poses ;  yet  some  archaeologists  are  of  the  opinion  that  the  broad,  level 
tops  of  these  mounds  were  used  for  other  purposes. 

In  addition  to  the  diiferent  kinds  of  mounds  described,  we  probably 
have  some  others  in  this  section,  such  as  signal  mounds  and  treaty 
mounds  ;  but  they  have  as  yet  yielded  little  or  nothing  of  interest. 
The  subject  is  not  by  any  means  exhausted  ;  and,  as  I  propose  to 
continue  my  explorations,  something  more  of  interest  may  be  found. 

There  are,  in  various  parts  of  the  United  States,  extensive  earth- 
works, consisting  generally  of  walls  of  clay  enclosing  considerable 
areas  of  land.  In  Ohio,  Kentucky,  Indiana,  Illinois,  and  Missouri 
they  abound;  and  they  are  met  with  in  Wisconsin,  and  still  farther 
west. 

It  is  a  little  singular,  that,  although  the  Great  American  Bottom 
contains  such  a  grand  array,  both  in  size  and  number,  of  the  ancient 
mounds,  I  know  of  but  a  single  embankment  or  en(;l()sure  ;  and  that 
was  discovered  a  short  time  ago  in  the  county  of  Calhoun,  111.,  near 
the  mouth  of  the  Illinois  River. 


Ancient  AGnicuLTiJUAL  Imim.kments  of  Stone.    By  William 
INIcAdams,  of  Olterville,  111. 

Amosc.  tlie  most  intoresting  n^lics  of  ancient  people,  who  in  tlie 
paat  inhabited  thirt  continent,  are  their  implements  used  in  agriculture. 
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They  tilled  the  soil,  and  no  doubt  raised  considerable  quantities  of  corn 
and  vegetables. 

In  the  great  alluvial  bottoms,  and  on  the  rich  soil  of  the  prairie  ad- 
jacent to  the  streams,  in  a  regioi;  near  the  mouths  of  the  Missouri  and 
Illinois  Rivers,  many  of  tliese  implements  are  found,  showing  that  in 
prehistoric  times  the  cultivation  of  the  soil  was  carried  on  to  a  con- 
siderable extent. 

These  implements  are  generally  made  of  stone  of  a  silicious  charac- 
ter, which  is  found  in  the  vicinity.  They  are  mostly  of  a  red  or  brown 
color,  but  we  have  seen  some  very  fine  specimens  of  perfectly  white 
chert.  They  are  usually  ovoid  in  shape,  and  sharp  at  the  broader 
end,  which  is  generally  polished  by  long  use  and  attrition  with  the 
soil.  Their  usual  length  is  from  eight  to  ten  inches.  We  have  speci- 
mens twelve  to  fourteen  inches  long  and  six  inches  broad.  They 
range  from  one  half  to  one  inch  in  thickness.  Some  of  these  imple- 
ments taper  gradually  from  the  broad  cutting  edge,  while  others  have 
deep  lateral  notches  opposite  the  working  edge,  and  form  perfect 
hoes.  These  were  apparently  fastened  to  handles,  and  formed  effective 
implements,  similar  to  our  modern  hoe.  Others  were  plainly  intended 
to  be  fastened  to  handles  in  a  similar  manner  to  our  spades  and 
shovels.  Others  still  were  probably  fastened  to  some  sort  of  frame  or 
stock,  as  the  peculiar  way  in  which  these  stones  are  worn  shows  that 
they  were  held  in  the  manner  of  a  plough,  and  pulled  through  the 
ground.  This,  without  doubt,  was  our  prehistoric  plough ;  and,  as 
we  have  no  evidence  that  any  domestic  animals  were  used  in  this  con- 
nection, it  is  probable  that  the  implement  was  pulled  by  two  persons, 
and  guided  from  behind  by  a  third. 

This  mode  of  cultivating  crops  on  the  rich,  sandy,  alluvial  soils  of 
this  region  would  have  been  much  moie  speedy  and  effectual  than  the 
hoe,  and  doubtless  was  practised  by  the  ancient  mound-builders  and 
pottery-makers. 

While  we  seem  to  have  made  no  discovery  as  yet  that  these  ancient 
people  domesticated  the  buffalo,  yet  we  have  nothing  to  actually  prove 
the  contrary.  That  they  were  acquainted  with  the  buffalo  we  have  no 
doubt.  In  one  of  the  large  mounds  in  the  Great  American  Bottom,  at 
the  depth  of  nearly  forty  feet,  we  found  the  skull  of  a  buffalo.  The 
teeth  were  perfect,  having  been  preserved  by  being  in  contact  with  a 
number  of  copper  implements,  belonging,  apparently,  to  the  age  of  the 
old  mound-builders.  In  two  other  instances  we  have  found  in  large 
mounds  the  hair  and  skin  of  the  buffalo  preserved  by  being  in  contact 
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M  ith  copper.  The  majority  of  these  ancient  implements  of  husbandry' 
are  made  after  definite  patterns,  each  variety  or  kind  to  be  used  for 
special  purposes  being  similar.  Of  six  of  the_  deeply  notched  hoes, 
from  different  localities,  one  could  discern  little  difference  excepting 
in  size.  The  broad-edged  spades,  the  oval  shovels,  and  the  ploughs 
have  apparently  been  made  after  certain  patterns,  the  form  of  which 
was  followed  with  great  faithfulness. 

That  such  neat  and  efficient  implements  should  have  been  made  of 
such  obdurate  material  as  flint  and  jasper  shows  no  inconsiderable 
skill.  These  stone  implements  are  generally  foimd  in  our  cultivated 
fields,  where  they  have  been  turned  up  by  the  plough.  On  several 
occasions,  however,  we  have  found  them  in  the  graves  of  the  ancient 
pottery-makers.  From  one  of  these  burial-places  in  St.  Charles 
County,  Mo.,  I  recovered  two  quite  perfect  earthen  vessels,  one  of 
which  had  evidently,  from  its  shape,  been  used  to  hold  a  liquid.  In 
the  other  was  a  mussel  shell,  Unio^  and  some  black  mould,  in  which 
were  carbonized  grains  of  corn.  Near  the  vessels  was  a  pipe  charac- 
teristic of  the  potterj^-makers,  and  a  nicely  finished  spade,  such  as  we 
have  described.  That  the  mound-builders  made  and  used  agricultural 
implements  of  stone  is  highly  probable,  but  we  have  not  found  them 
in  their  mounds.  The  fact  of  the  finding  of  several  of  these  imple- 
ments in  the  later  pottery-makers'  graves  seems  to  point  to  them  as 
the  manufacturers. 


A  Stone  Imtlkment  from  a  Well  in  Illinois.    By  William 
McAdams  of  Ott(;rville,  Illinois. 

Last  year  an  old  gentleman  from  Green  (yonnty,  111.,  came,  to 
niy  house  and  told  a  curious  story  of  the  finding  of  a  stonn  axe  in  the 
base  of  the  drift  while  digging  a  well.  It  seems  that,  during  the  dry 
weather  in  the  fall,  Mr.  Abraham  Young  undertook  to  dig  a  well  on 
liiH  farm,  and  near  his  residence. 

At  the  depth  of  seventy-two  feet  the  rock  in  plac(;  was  r(*a(;hed,  and 
in  cleaning  off  tliis,  prej)aratory  to  blasting,  the  axe  in  question  was 
found.  'J'hinking  from  the  character  of  tin;  parties,  who  are  well-to- 
do  farinerH,  and  known  to  rrx;,  that,  possibly  tlwire  might  he  some  truth 
in  tiie  matter,  I  visited  the  hKalily,  ohtainefl  the  i(!lic,  ;ui(l  tlK!  follow- 
ing information  in  relation  to  its  diHcovery  :  Four  wells  have  been  dug  at 
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different  times  in  fruitless  search  for  water.  The  depth  of  these  wells 
is  given  as  from  thirty  to  seventy-two  feet.  The  one  in  which  the  axe 
is  claimed  to  have  been  found  is  seventy-two  feet  in  depth.  I  examined 
the  earth  thrown  out  from  the  well,  and  could  easily  see  that  it  was 
almost  entirely  loess.  Just  before  the  bottom  of  the  well,  or  rock, 
was  reached,  the  loess  assumed  more  of  a  clayey  character,  and  con- 
tained angular  fragments  of  chert,  not  apparently  water-worn.  Lying 
on  the  surface  of  the  rock,  covered  with  clay  and  fragments  of  chert, 
the  axe  is  claimed  to  have  been  found. 

The  finders  of  the  relic  seemed  not  to  have  much  interest  in  the 
matter,  and  would  receive  no  compensation  for  it,  and  when  I  wrote 
out  a  statement  of  the  time  and  manner  of  the  discovery  they  signed 
it  without  hesitation,  and  apparently  in  good  faith.  Afterwards  they 
went  of  their  own  accord  before  a  justice,  and  made  the  following 
atfidavit :  — 

Green  County,  III.,  Feb.  1,  1880. 
Be  it  known  by  these  presents  that  J.  R.  Cade,  A.  B.  Young,  David  Mateson,  and  Rowel  Hun- 
nicutt,  all  of  Walkerville  Township,  County  of  Green,  State  of  Illinois,  appeared  before  me,  John 
Painter,  a  Justice  of  the  Peace  in  Green  County,  111.,  and,  after  being  duly  sworn,  said  parties 
state  that  on  or  about  the  20th  of  May,  1879,  while  engaged  in  digging  a  well  on  the  farm  of  A.  B. 
Young,  in  Green  County,  III.,  at  the  depth  of  seventy-two  feet,  J.  R.  Cade  found,  while  digging,  an 
ancient  stone  axe,  which  was  raised  from  said  well  by  A.  B.  Young  and  David  Mateson,  and  pre- 
served for  curiosity. 

Rowel  Hunnicutt  states  that  he  was  present  a  short  time  after  said  discovery,  and  measured  the 
depth  of  the  well  and  found  it  to  be  about  seventy-two  feet  to  where  the  axe  was  found,  and  that 
he  took  said  axe  in  his  possession  and  placed  the  same  in  possession  of  one  William  McAdams,  of 
Jersey  County,  IIL 

Signed,      J.  R.  Cade, 
A.  B.  Young, 
David  Mateson, 
Rowel  Hunnicutt. 

Subscribed  and  sworn  to  before  me  this  1st  day  of  February,  1880. 

John  Painter,  J.  P. 

I  examined  the  well  closely,  to  see  if  by  any  possible  means  the  axe 
could  have  fallen  in  from  the  top  while  they  were  at  work,  but,  from 
the  very  top  down,  the  excavation  was  as  smooth  and  almost  as  hard 
as  a  cemented  cistern  ;  and  the  discoverer  of  the  relic  says  he  found  it 
covered  with  the  hard,  undisturbed  clay  on  the  rock. 

I  am  inclined  to  believe  they  found  the  axe  as  stated. 

I  asked  the  men  how  they  supposed  the  axe  came  to  be  in  that  posi- 
tion, and  one  of  them  replied  that  he  could  think  of  only  one  possible 
way  by  which  its  presence  could  be  accounted  for  where  they  found  it: 

Some  half-mile  north  of  the  well  was  a  sink  hole ;  possibly  the  axe 
might  have  been  washed  into  this,  and  conveyed  by  some  channel  or 
watercourse  to  where  it  was  found." 
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Prehistoric  Altars  of  Whitesides  County,  Illinois.  By 
W.  C.  HoLBROOK,  of  Coleta,  111. 

Four  structures  known  as  altars  have  been  found  in  Whitesides 
County  ;  two  on  the  north  bank  of  Rock  River,  near  Sterling,  and 
two  near  Rock  Creek,  in  Clyde.  The  former  were  each  situated  near 
groups  of  burial  mounds,  while  the  latter  were  at  least  three  miles 
distant  from  any  prehistoric  works. 

These  altars  were  built  of  flat  limestones  carefully  fitted  together. 
The  edges  of  some  of  the  pieces  had  been  dressed  or  chipped  off ; 
but  no  cement  was  used.  Their  form  was  either  that  of  a  circle  or  an 
ellipse.  One  in  Carroll  County  was,  I  am  told,  a  crescent  like  the 
moon  when  about  eight  days  old ;  but  no  rectangular  structure  has 
ever  been  found. 

Altar  Number  One  was  found  on  the  top  of  a  low,  flat  mound  ;  one 
of  the  group  of  burial  mounds  on  the  bank  of  the  river,  near  the 
Catholic  cemetery  of  Sterling.  It  was  covered  with  vegetable  mould 
and  sod.  Form,  an  ellipse  ;  diameters,  four  and  one  half  and  six  feet. 
Height,  including  mound,  about  three  feet.  Height  of  stone  work, 
eighteen  inches.  Four  layers  of  stone  so  fitted  together  that  each 
layer  "broke  joints."  The  upper  layer  was  reddened  and  crumbled 
by  the  heat  of  many  fires.  In  the  charcoal  on  and  around  this  altar 
were  found  charred  fragments  of  bones.  Every  one  that  could  be 
identified  was  found  to  be  some  portion  of  a  human  skeleton.  Some 
of  the  long  bones  —  the  femur  and  the  humerus  —  had  been  broken 
and  split  into  small  pieces.  In  the  burial  mounds  near  this  altar  I 
found  small  fragments  of  burned  rock,  as  if  fire  from  this  sacred 
place  had  been  thrown  on  the  dead  during  the  rites  of  burial.  There 
was  no  evidence  of  cremation  found  in  the  burial  mounds  :  none  of 
the  bones  were  charred.  Tiie  altar  mound  was  the  most  easterly 
mound  of  the  group. 

Altar  Number  Two  was  found  by  workmen  while  grading  the 
western  part  of  the  race  track  of  the  Sterling  fair  grounds.  The 
stone  structure  was  composed  of  one  layer  of  large  flat  stones,  and 
was  in  the  form  of  a  circle,  about  twelve  feet  in  diameter.  It  was 
buri(Ml  ahout  two  feet  below  the  j)resent  surface  of  the  soil,  and  its 
position  was  not  markcid  by  a  mound  or  embankment.  The  soil  above 
it  was  a  sedimentary  d(;f)Osit  of  river  sand  and  mud.  Like  Number 
One,  it  is  east  of  a  group  of  burial  mounds.     This  group  and  its 
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altar  appear  to  have  been  on  an  island  in  Rock  River  in  prehistoric 
times  ;  but  the  north  channel  is  filled  up,  and  the  ancient  island,  like 
its  inhabitants,  has  long  since  ceased  to  exist.  Under  this  altar  was 
found  the  decomposed  skeletons  of  five  adult  persons.  They  were 
buried  with  heads  together  at  the  centre,  and  feet  at  the  circumference, 
and  equidistant,  like  the  spokes  of  a  carriage  wheel.  All  were  buried 
supine.  One  of  the  skulls  was  pierced  with  a  small  sharp  arrow- 
point,  —  a  red  chert  point,  such  as  are  quite  common  in  this  locality. 
These  bones  were  very  brittle ;  and  some  w^re  of  a  purplish  color, 
like  those  described  in  Orflia's  "  Exhumations  Juridiques "  (vol.  i. 
p.  350).  Adjoining  this  altar  on  the  west  was  found  a  large  quantity 
of  human  bones,  —  the  greatest  number  of  persons  I  have  ever  found 
buried  in  one  place.  The  bodies  had  been  thrown  into  a  deep  pit  in 
a  promiscuous  manner.  lu  one  burial  mound  of  this  group  I  found 
fragments  of  burned  rock,  and  two  stone  knives  that  had  been  red- 
dened by  fire,  also  implements  made  of  the  prongs  of  antlers  of  deer, 
and  a  few  fragments  of  rude  pottery. 

Altars  Numbers  Three  and  Four  were  found  about  four  rods  apart, 
northwest  and  southeast,  in  the  centre  of  a  broad  valley  on  Rock 
Creek,  one  of  the  tributaries  of  Rock  River.  They  were  alike  in  all 
respects.  Both  were  circular  in  form,  about  six  feet  in  diameter,  and 
composed  of  three  layers  of  flat  limestones.  Both  were  also  covered 
by  a  sedimentary  deposit  of  clay.  One  was  accidentally  found  by  the 
point  of  a  subsoil  plough  turning  up  a  piece  of  burned  rock.  The 
other  was  found  by  probing  the  soil  with  a  sharp  iron  rod.  They  had 
been  built  on  the  ancient  surface  of  the  valley,  and  had  been  covered 
by  clay  washed  down  from  the  hills.  The  stone  work  of  both  was 
crumbled  almost  to  powder  by  the  action  of  heat.  The  subsoil  about 
these  altars  was  filled  with  charcoal ;  but  no  bones  were  found.  Only 
one  implement  was  found,  —  a  large  stone  axe,  a  few  feet  north  of  the 
northwest  altar. 

In  this  paper  I  have  excluded  ancient  "  fireplaces,"  where  it  appeared 
that  they  were  used  for  domestic  purposes  ;  and  also  mounds  without 
stone  structures,  that  appear  to  have  been  used  for  beacon-lights. 
There  is  a  marked  difference  in  the  structures.  Fireplaces  are  found 
at  the  foot  of  some  sheltering  bluff  or  hillside.  They  w^ere  usually 
built  into  the  hillside,  and  were  concave  or  cup-shaped  in  form  ;  as 
deep  as  they  were  broad.  Fire  might  be  buried  in  one  of  the  fire- 
places, and  the  embers  would  remain  many  days.  They  appear  to 
be  as  old  as  the  altars ;  for  they  are  buried  in  the  soil,  and  above 
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one  of  them  was  the  decayed  stump  of  a  white-oak  about  three  feet 
in  diameter.  Beacon  mounds  are  somewhat  irregular-shaped,  never 
more  than  three  in  a  group,  and  situated  on  the  highest  summits. 
The  clay  of  which  they  are  composed  is  mingled  with  ashes;  but 
human  remains  are  not  found  in  them.  I  have  never  found  a  fireplace 
or  a  beacon  mound  near  a  group  of  burial  mounds. 


Antiquities  in  the  Town  of  New  Haven,  Vermont.  By 
John  McNab  Currier  of  Castleton,  Vermont. 

In  September,  1875,  a  Mr.  Prime  of  Bristol,  Vt.,  showed  me  a  frag- 
ment of  an  arrow-head,  which  he  said  he  found  a  few  days  previously  on 
some  earth  entangled  among  the  roots  of  a  tree  that  had  been  blown 
down  by  the  wind,  in  the  eastern  part  of  the  town  of  New  Haven,  Vt. 
The  fragment  was  rudely  chipped  ;  and  the  material  was  a  bluish 
quartzite,  such  as  a  large  proportion  of  the  arrow-heads  and  spear- 
points  are  made  from  in  this  section  of  Vermont.  I  had  some  curi- 
osity to  examine  this  locality  for  myself.  On  reaching  the  spot  I 
found  a  hemlock  tree  blown  down,  without  breaking  or  tearing  many 
of  the  roots.  The  soil  among  the  roots  was  fully  eight  inches  thick, 
and  remained  undisturbed.  Below  the  soil  a  layer  of  clay  was 
also  taken  up  at  the  same  time  undisturbed,  from  three  to  six 
inches  thick.  In  this  layer  of  clay  Mr.  Prime  said  he  found  the  frag- 
ment of  arrow-head.  On  examination  I  found  many  flint  flakes  of 
similar  material  to  the  fragment,  and  uiimistakably  of  human  work- 
manship. They  seemed  to  be  mingled  with  the  clay  immediately 
underlying  the  soil,  to  the  depth  of  four  or  more  inches.  Many 
flakes  also  were  found  on  the  ground  where  the  tree  had  storxl. 

I  examined  the  soil  on  the  roots  of  the  tree  with  great  care  for 
flakes  and  other  stone  implements,  but  nothing  of  the  kind  could  be 
found  luitil  the  clay  was  reached.  On  cutting  into  the  tree  near  its 
roots,  I  count(;d  Vjetween  ninety  and  one  hundred  aimual  rings.  Near 
by  were  standing  other  trees  of  greater  diameters;  also  there  were 
several  old  decayed  stumps  in  the  immediate  vicinity,  fully  three  feet 
in  rliarneter.  The  ground  on  this  spot  had  nev(;r  be(;n  i)louglied,  and 
I  should  judge  that  the  forests  had  n(;v(!r  ]m',n  (entirely  cleared  olf.  It 
was  on  a  slightly  elevated  ridge  of  clay,  aimut  six  rods  wid(!,  sloping 
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to  the  east  and  west  into  marshy  ground,  unfavorable  for  cultivation. 
This  locality  is  about  two  miles  west  of  the  Green  Mountain  range,  and 
one  half  mile  west  of  the  New  Haven  River.  The  face  of  the  country 
is  very  uneven,  being  broken  up  into  small  plains,  valleys,  and  ridges. 
This  spot  slopes  gently  northward  and  eastward,  and  is  not  well  adapted 
for  retaining  upon  its  surface  the  decaying  vegetation  that  would  make 
up  its  soil.    This  clay  ridge  is  undoubtedly  of  glacial  formation. 

I  regard  this  as  positive  evidence  of  a  much  earlier  occupation  of 
the  Champlain  Valley  than  is  commonly  supposed.  Certainly  the 
formation  of  a  deep  layer  of  soil  was  subsequent  to  the  dropping  of 
those  flint  flakes. 


On  the  Alabaster  Quarries,  Flint  Mines,  and  other 
Antiquities  of  Wyandot  Cave.  By  Horace  C.  Hovey, 
of  Fair  Haven,  Conn. 

E-ELics  from  American  caverns  have  hitherto  been  found  chiefly  in 
dry  chambers,  where  a  pure  atmosphere  and  a  nitrous  earth  Lave  kept 
them  from  decay.  The  most  interesting  examples  of  this  antiseptic 
preservation  are  the  textile  fabrics  and  desiccated  human  bodies  dis- 
covered in  various  caves  in  Kentucky.  Stalagmitic  deposits,  which  in 
France  and  England  have  yielded  valuable  archaeological  treasures, 
have  here  been  but  Imperfectly  explored.  The  only  thorough  method 
is  that  of  cutting  vertical  slices  through  the  cave-floor  down  to  the 
solid  rock,  subjecting  eacli  barrow  load  to  inspection.  An  approach 
to  this  was  in  the  extensive  excavations  made  by  miners  for  saltpetre, 
who,  during  the  war  of  1812,  worked  over  many  acres  in  Mam- 
moth and  Wyandot  Caves.  Their  object  being  to  obtain  materials 
for  gunpowder,  rather  than  scientific  information,  they  have  only 
left  us  legends  of  skeletons  and  other  remains  long  ago  scattered  and 
lost.  They  were  rude  frontiersmen ;  and  it  has  been  customary  to 
lay  to  their  charge  spoliations,  some  of  which,  as  I  am  convinced,  are 
of  an  older  date.  But,  before  giving  the  grounds  of  this  opinion,  it 
will  be  well  to  state  the  more  general  evidences  of  Indian  preoccu- 
pancy,  especially  of  Wyandot  Cave,  the  antiquities  of  which  it  is  the 
main  design  of  this  paper  to  describe. 

Wyafidot  Cave  is  in  Crawford  County,  Indiana,  near  the  Ohio 
River;  and  from  the  first  has  been  in  the  possession  of  the  Rothrock 
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family,  whose  aid  I  have  had  in  making  the  researches  now  to  be 
recorded.  For  many  years  after  its  discovery  its  entire  length  was 
thought  to  be  only  about  two  miles ;  and,  aside  from  its  valuable  beds 
of  nitre  and  Epsom  salts,  it  attracted  little  public  attention ;  but  now 
its  ramifications  are  estimated  at  a  total  length  of  twenty-three  miles. 
The  portion  called  by  way  of  distinction  the  "  New  Cave  "  was  dis- 
covered in  1850,  by  enlarging  a  small  opening  noticed  among  loose 
fragments  of  rock.  Beneath  these  a  scuttle  appeared,  that  had  at 
some  former  time  been  used,  and  afterwards  closed  up.  The  first 
white  persons  who  passed  through  this  found  a  well-beaten  path  lead- 
ing inward  amid  smoke-stained  walls.  Bits  of  hickory  bark  with 
charred  ends  were  abundant.  Numerous  poles  were  found  in  various 
places,  that  may  have  served  a  double  purpose,  — as  alpenstocks,  and 
as  weapons  against  wild  beasts.  Many  tooth-prints  on  them  are  still 
to  be  seen.  These  poles  were  all  saplings,  from  five  to  eight  feet 
long,  having  no  marks  of  any  edge-tool,  but  seeming  to  have  been 
pulled  up  by  the  roots,  and  the  branches  then  twisted  off.  None  of 
them  were  hickory  or  oak  ;  but  some  kind  of  soft  wood,  such  as  poplar, 
pawpaw,  or  sassafras.  I  saw  all  these  things  on  the  occasion  of  my 
first  visit,  in  1854.  An  orifice  known  as  the  "Auger-hole"  had  at 
that  time  just  been  artificially  enlai-ged  from  a  diameter  of  six  inches 
to  that  of  twenty-one  inches  ;  barely  admitting  us,  through  a  group 
of  bulky  stalactites,  to  a  large  area  of  unexplored  territory  beyond. 
Centuries  must  have  elapsed  since  that  narrow  aperture  had  been  so 
closed  LS  to  be  impassable ;  yet  there,  in  the  nitrous  earth,  soft  as  a 
newly  raked  garden  bed,  were  the  moccasin  tracks  of  an  aboriginal 
party  that  once  searched  these  dim  avenues,  going  up  on  one  side  and 
returning  down  the  other.  The  footprints,  as  I  noticed,  were  parallel 
to  each  other,  with  heel  and  toe  in  line,  instead  of  with  the  toes  turned 
outward, —  a  fact  confirming  our  opinion  that  they  were  left  by 
Indians.  I  regret  to  say  that  these  vestiges  are  now  entirely  obliter- 
ated by  the  heedless  tracks  of  more  recent  visitors. 

There  are  al>undant  deposits  of  clay  in  Wyandot  Cave,  especially 
of  red  and  yellow  ochre,  very  free  from  grit  and  earthy  impurities. 
In  its  moist  condition  it  is  plastic;  and  wlien  dry  may  be  scraped,  and 
then  burnished,  simply  by  friction  with  the  [)alrn.  Reduced  to  dust, 
it  makes  an  excellent  jjigment.  As  the  Indian  patlis  ran  by  these 
V>edH,  it  may  be  infcrrcfl  that  they  obtained  suf)]»li(;s  of  this  useful 
material.  While  examining  one  of  the  heaviest  (;lay  ImmIs  in  the  south 
arm,  two  years  or  more  ago,  a  strong  cuin;nt  of  air  was  observed 
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through  a  crevice  above  it.  Heeding  this  indication,  the  guide  dug  a 
trench  through  the  indurated  clny.  Then,  crawling  on  our  faces  for 
nearly  twenty  yards,  we  entered  a  room,  circular  in  form,  forty  feet  in 
diameter  and  eight  feet  high,  where  it  is  certain  that  no  white  man 
had  ever  been  before.  Wolf  tracks  were  numerous,  which  we  traced 
to  a  spot  where  the  animals  had  been  wont  to  lie  down.  Hence  we 
called  the  chamber  "  the  Wolf's  Lair."  Quantities  of  charred  bark 
lay  strewed  about  the  floor.  Two  entire  torches,  the  ends  only  having 
been  burnt,  projected  from  a  crevice  overhead.  AYho  could  conjecture 
when  those  extinct  flambeaux  had  last  been  touched  by  human  hand? 
Reverently  examining  them,  we  replaced  them  where  they  had  been 
discovered.  The  original  entrance  to  the  Wolf's  Lair  was  not  through 
the  clay-bank  pierced  by  us,  but  through  a  passage  at  the  further  end 
of  the  apartment,  as  was  indicated  by  the  curved  strata  bending  to  the 
floor  ;  as  if  the  rocks,  breaking  by  their  own  weight,  had  fallen  in. 
The  place  can  hardly  be  more  than  twelve  hundred  feet  from  the 
mouth  of  the  cave,  and  anciently  was  of  easy  access  and  frequent 
resort,  though  now  reached  only  by  a  detour  of  perhaps  a  mile  and  a 
half. 

Alabaster  Quarries.  —  The  chief  sin  laid  to  the  charge  of  the 
saltpetre  miners  of  1812  was  an  alleged  attempt  by  them  to  fell  a 
a  huge  stalacto-stalagmitic  column,  known  as  the  "  Pillar  of  the  Con- 
stitution," standing  at  the  end  of  the  Old  Cave,  and  two  miles  from  its 
entrance.  I  found,  on  subsequently  exploring  the  New  Cave,  in 
localities  which  the  saltpetre  miners  never  saw,  other  columns  cut 
into  precisely  as  this  had  been.  This  exonerates  these  pioneers  from 
vandalism,  and  stimulates  further  inquiry  as  to  the  cause  of  such 
ancient  excavations. 

On  measuring  the  Pillar  of  the  Constitution,  it  was  found  to  be 
about  forty  feet  high,  seventy-five  feet  in  girth,  and  its  base  to  be 
three  hundred  feet  in  circumference.  Its  material  is  a  hard,  white, 
striated,  translucent  mineral,  slowly  deposited  by  the  evaporation  of 
water  freighted  with  carbonate  of  lime.  This  has  from  classic  days 
been  known  as  alabaster,  and  now  is  called  "  Oriental  alabaster,"  to 
distinguish  it  from  the  more  common  and  softer  sort,  composed  of  the 
sulphate  of  lime.  The  pillar  is  not  merely  crusted  with  this  beautiful 
mineral,  but  is  solid  and  homogeneous.  Its  immense  weight  has  at 
some  remote  period  caused  the  subjacent  rocks  to  settle,  thus  opening 
cracks  in  the  spreading,  stalagmitic  base,  many  yards  long,  and  vary- 
ing in  width  from  an  inch  to  a  foot.  Some  are  healed  over ;  others 
remain  open. 
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Starting  from  some  of  these  cracks,  a  segment  with  an  arc  of  thirty 
feet  was  cut  from  the  base,  and  a  cavity  was  made  in  the  shaft  itself 
about  ten  feet  wide,  seven  high,  and  five  deep.  No  one  doubts  that 
this  was  done  artificially.  I  have  attempted  to  ascertain  how  long  a 
time  has  elapsed  since  it  was  done.  The  right  edge  of  the  incision 
runs  underneath  a  stalagmitic  wrapping  eight  feet  wide  and  ten  inches 
thick  at  its  thickest  part.  Inspection  shows  that  drippings  like  those 
now  healing  this  wound  were  at  work  before  it  was  inflicted,  and  that 
the  cut  was  primarily  made  through  a  mass  like  that  by  which  it  is 
now  overlapped.  The  region  above  ground  is  still  covered  by  forests. 
Hence,  as  there  has  been  no  change  of  conditions,  there  has  been  con- 
stancy of  stalagmitic  growth.  A  series  of  experiments  has  established 
the  fact  that  in  the  immediate  vicinity  of  the  pillar  stalactites  grow  at 
the  rate  of  one  inch  in  twenty-five  years,  but  that  stalagmites  grow 
only  one  quarter  of  an  inch  in  that  period,  or  an  inch  in  one  hundred 
years.  At  this  rate  of  increment,  it  must  then  have  required  one 
thousand  years  for  the  wrapping  to  have  attained  its  present  thickness 
of  ten  inches ;  and  that  length  of  time  has  therefore  elapsed  since  this 
alabaster  quarry  was  worked.  Confirmatory  of  this  calculation  is  the 
fact  that  some  of  the  fragments  thrown  out  from  the  pillar  are  cemented 
over  cavities  where  clusters  of  exquisite  stalactites  have  had  time  to 
form.  Further  search  by  me,  in  1878,  revealed  the  implements  with 
which  the  ancient  quarrymen  wrought ;  namely,  round  or  oblong 
bowlders  of  granitic  rock,  extremely  hard,  and  of  a  size  (from  four  to 
ten  inches)  suitable  to  be  wielded  by  hand,  or  twisted  in  a  withe  and 
swung  as  a  maul.  Rothrock,  who  has  been  faraihar  with  the  cave 
from  l)oyhood,  denies  having  at  any  time  carried  any  such  stones  into 
it,  or  of  any  one  else  having  done  so  to  his  knowledge.  The  custom- 
ary tool  for  gathering  specimens  is  a  hammer  or  hatclwit ;  and  these 
clumsy  stone-pounders  would  be  used  only  by  those  who  had  no  better 
tools. 

Th(t  theory  that  these  pebbles  were  swept  in  by  an  underground 
stream  is  untenable:  first,  because  barometrical  observations  show  the 
place  to  b(;  twenty  feet  higlnjr  than  the  entrance;  then,  there  are  here 
no  beds  oi  sand  or  gravel,  or  other  indications  of  recent  fluviatile 
action  ;  and,  moreover,  the  entire  region  lies  below  the  line  of  glacial 
drift.  rr(jf(;88or  Collett,  the  State  geologist,  informs  me  that  the 
entire  cave  is  at  least  one  hundred  feet  Ixilow  any  drift  yet  discovered 
in  Crawford  (Jounty.  It  is  cortiiin,  th<;refore,  that  these  small  bowl- 
ders were  brought  by  hand  fioni  a  long  distance.    Although  nothing 
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has  been  done  by  art  to  modify  their  natural  proportions,  they  seem 
to  have  been  carefully  selected  with  reference  to  their  fitness  for  use. 
Hard  as  the  material  is,  the  ends  are  whitened  and  battered  by  much 
pounding.  My  conclusion,  therefore,  is  well  grounded  that  these 
were  the  implements  used  by  the  Indians,  more  than  one  thousand 
years  ago,  in  breaking  from  this  alabaster  quarry  blocks  of  a  portable 
size. 

Quite  probably  the  spot  was  resorted  to  by  successive  generations 
for  material  to  be  made  into  amulets,  ornaments,  disks,  and  images  ; 
such  as  we  are  told  by  Dr.  Joseph  Jones  have  been  repeatedly  ex- 
humed in  the  Southern  States,  and  also,  according  to  Professor  S.  F. 
Baird,  from  tumuli  in  Illinois.  If  not  found  abundantly  in  Indiana, 
the  reason  may  be  that,  although  this  kind  of  alabaster  is  hard  and 
durable  when  not  exposed  to  the  elements,  it  is  fibrous  in  its  struc- 
ture and  liable  to  decay  amid  atmospheric  vicissitudes,  as  was  proved 
by  fragments  found  in  a  crumbling  condition  just  outside  the  cave. 

As  remarked,  there  are  other  alabaster  quarries  in  the  newer  por- 
tions of  Wyandot  Cave.  One  of  these  is  in  the  stalagmitic  mass 
crowning  Monument  Mountain,  —  an  eminence  135  feet  high,  rising 
under  a  dome  205  feet  high  and  1,000  feet  in  circumference.  The 
stalagmite  is  25  feet  in  diameter  at  its  base,  pyramidal  in  shape,  and 
sustains  three  statuesque  figures,  the  tallest  of  which  is  8  feet  high. 
I  observed,  what  it  is  a  little  singular  no  one  has  remarked  upon 
before,  an  incision  in  the  base  and  side  of  this  alabaster  pyramid,  pre- 
cisely like  that  in  the  Pillar  of  the  Constitution.  Searching  amid  the 
debris  below,  I  found  similar  fragments  of  alabaster  and  granitic 
pounders. 

In  the  south  arm  of  the  cave  a  different  quarry  was  noted  in  what 
is  called  the  "  Pillared  Palace."  Here  the  alabaster  was  obtained  by 
felling  the  smaller  columns,  from  3  to  7  feet  in  height.  Some  were 
broken  up,  while  others  are  still  nearly  entire.  Granitic  pounders, 
again,  were  found  lying  under  adjacent  limestone  ledges,  as  if  secreted 
there. 

It  should  be  added  that,  in  all  case.s,  the  fractures,  instead  of  show- 
ing a  sharp  edge  and  bright  surface,  like  those  made  by  recent  visitors, 
have  a  discolored,  corroded  appearance  befitting  their  antiquity. 

The  Flint  Mine  and  Works.  —  The  proprietor  of  Wyandot 
Cave  is  impressed  by  the  notion  that  it  was  once  a  favorite  resort  for 
bears.  Here  and  there  are  "  bear  slides,"  which  I  suspect  were  really 
worn  smooth  by  Indians  clambering  over  the  rocks.    In  like  manner, 
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for  twenty-five  years  he  has  pointed  out  some  "  bear  wallows  "  not  far 
frona  the  Pillared  Palace.  These  are  circular  depressions,  twenty  or 
more  in  number,  each  a  yard  wide  and  a  foot  deep.  A  thin  crust  of 
clay  covers  them,  and  their  appearance  agrees  well  with  their  name. 
About  two  years  ago,  however,  I  had  the  satisfaction  of  proving  them 
to  be  the  remains  of  ancient  flint-works.  Happening  to  remove  the 
clay  crust  from  a  bear-wallow,  1  found  a  pile  of  ashes  and  cinders  on 
one  side  and  a  quantity  of  flint  chips  on  the  other.  On  examination 
this  proved  true  of  each  wallow.  Further  removal  of  the  crust 
brought  to  light  hundreds  of  flinty  prisms  with  parallel  faces,  and 
averaging  four  inches  in  length  by  one  and  a  half  in  width  and  half  an 
inch  in  thickness. 

The  mine  is  near  by,  abounding  in  flint  nodules,  lying  in  rows  in 
the  cave  walls,  and  occasionally  in  bands  or  belts.  Each  nodule  has  a 
coating  of  some  grayish  mineral,  perhaps  discolored  flint,  and  between 
them  is  usually  a  soft,  chalky  substance,  easily  cut  by  a  knife. 
Freshly  fractured,  a  bright  black  surface  appears,  in  contrast  with  the 
dingy,  faded  blocks  by  the  wallows.  This  change  of  hue  is  due  to 
the  gradual  removal  of  the  traces  of  iron  found  with  the  silex.  Many 
of  the  blocks  were  rejected  on  account  of  flaws  or  imperfections. 
The  nodules  are  easily  split  into  this  form,  which  is  convenient  for 
transportation.  Arrow-head  making,  however,  was  carried  on  here  to 
a  considerable  extent,  as  appears  from  the  chips.  Pounders  like 
those  in  the  alabaster  quarries  were  found  along  with  the  flints,  show- 
ing the  means  of  breakin(j[  the  nodules. 

The  only  manufactured  article  dug  up  in  this  spot  was  a  little  stone 
saucer,  containing  a  soft  black  substance.  This  may  have  been  a  rude 
lamp. 

Search  at  the  mouth  of  the  cave  unearthed  quantities  of  flint  chips, 
and  also  finished  arrovv-iieads.  The  question  has  been  raised  why  the 
Iiidians  slH>iild  delve  for  flint  balls  amid  subterranean  darkness,  when 
quantities  of  such  spheres  are  found  along  the  beds  of  streams  and 
elsewhere  in  the  open  air.  The  reason  is  that  the  latter,  having  been 
exposed  to  the  elements,  have  deteriorated  in  quality  ;  they  also  break 
with  irregular  ch;avage.  Hence  the  Indians  sought  to  g(;t  flints  fresh 
from  the  strata  where  they  were  originally  d(!posited ;  and  which,  be- 
cause of  their  moisture,  readily  part  into  quadrangular  prisma  under 
the  hammer. 

H'uK'.c.  making  known  tlie  existence  of  this  flint  mine  in  Wyandot 
Cave,  I  liavf;  hiarned  of  fbnt-pits  dug  along  Indian  Creek  and  else- 
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where  in  Harrison  Count}',  Indiana  ;  and  Professor  Collett's  observa- 
tions on  their  peculiarities  confirm  my  own  conclusions,  independently 
arrived  at,  hs  to  the  probable  date  of  these  works,  the  nature  of  the 
implements  used,  and  the  final  disposition  made  of  the  materials 
obtained. 


Some  Observations  on  Geometric  Beauty,  considered  as 

CONSISTING    IN    AnGULAR    RATHER   THAN    IN    LiNEAR  RaTIOS. 

By  S.  Edayard  Warren,  of  Newton,  Mass. 

[abstract.] 

The  object  of  this  paper  was  to  present  some  results  of  a  fresh 
study  of  the  general  proposition  that,  if  one  geometrical  form  is  beau- 
tiful, and  another  not  so,  there  is  a  discoverable  geometrical  reason 
why  the  former  is  so,  which  reason,  being  known,  would  facilitate 
ornamental  geometrical  design,  the  definition  having  been  ventured 
that  beauty  in  general  consists  in  spontaneous  expression  of  excellence 
of  some  sort ;  that  is,  of  some  form  of  good,  as,  for  instance,  of  some 
worthy  purpose. 

Three  abstract  principles  of  beauty  were  then  mentioned  and  illus- 
trated :  unity,  whereby  a  whole,  consisting  of  parts,  is  made  one  by 
the  possession  of  one  aim  or  use  ;  uniformity,  by  which  parts,  while 
evident  and  appropriate  compr)nents  of  a  whole,  are  alike  ;  harmonious 
variety,  by  which  parts  may  be  unlike,  and  yet  each,  in  its  own  appro- 
priate way,  may  contribu'te  to  the  perfection  of  the  whole  ;  freedom, 
by  which  was  meant  wholes  of  different  design  for  the  same  purpose, 
yet  each  so  self-consistent  throughout,  and  so  consistent  with  surround- 
ing circumstances,  as  to  be  agreeable. 

Next,  passing  from  purely  abstract  principles  to  quantity  in  general, 
elementary  numerical  representatives  of  the  foregoing  principles  were 
found  in  1,  as  the  representative  of  unity ;  2  =  1  -(-  1,  as  that  of  uni- 
formity ;  3  =  2  -|-  1;  as  that  of  variety ;  5  =  2  -|-  3,  as  that  of  the 
combination  of  the  last  two ;  and  7,  as  that  of  freedom,  owing  to  the 
number  of  ways  in  which  it  embraced  the  preceding. 

Next,  lest  the  foregoing,  being  abstract,  should  be  deemed  only  fan- 
ciful, it  was  rehearsed  that  musical  chords  are  based  on  the  numbers 
1,  2,  3,  5,  and  rarely  on  7,  and  on  multiples  of  these. 

Next  it  was  argued,  from  the  admitted  unity  of  nature,  that  if  beauty 
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of  sound  is  demonstrably  founded  on  the  numbers  mentioned,  beauty 
of  form  might  be  so  also.  But  here  exists  the  alternative  between 
supposing  beauty  of  form  to  consist  in  ratios  between  the  lengths  of  its 
determining  lines,  or  between  its  angles.  It  was  argued  that  form  and 
size  were  distinct  elementary  geometrical  ideas,  size  depending  on  the 
number  of  points  in  a  magnitude  (considering  a  point  not  now  as  an 
absolute  zero  of  magnitude)  and  form,  on  their  arrangement.  Direc- 
tion was  considered  as  being  to  form  what  distance  is  to  size  ;  that  is, 
as  more  fundamental  to  the  idea  of  form  than  distance  is  ;  and,  as  an 
angle  is  generally  defined  as  difference  of  direction,  it  was  argued  that 
ratios  hetween  the  angles  of  a  magnitude,  and  founded,  as  in  the  ratios 
in  musical  chords,  upon  the  numbers  1,  2,  3,  5,  and  perhaps  7,  are  the 
secret  of  purely  geometric  beauty.  Some  illustrations  from  rectilinear 
objects  were  then  given,  preferring  rectangular  ones  as  most  frequent 
and  practically  important. 

For  example :  A  parlor  being  24  feet  long,  shall  its  width  (being 
not  arbitrarily  chosen)  have  a  certain  simple  ratio,  as  |  or  |,  to  its 
length,  or  shall  it  depend  on  the  ratio  between  the  angles  into  which 
its  floor  diagonal  divides  a  corner  right  angle  ?  Upon  the  latter,  on 
the  principles  of  the  paper ;  and,  accordingly,  making  these  angles  36° 
and  54*^,  with  a  ratio  |,  the  width  would  be  11' :  6'' ;  or,  if  these  angles 
were  30°  and  G0°,  giving  the  ratio  ^,  the  width  would  be  13':  10''. 
In  either  case  a  longer  wall  diagonal,  dividing  the  rectangular  corner 
into  angles  of  22^°  and  67^°,  having  the  ratio  \,  would  give  the  har- 
monious, as  well  as  practically  suitable,  height  of  9'.  9  feet. 

Passing  to  the  more  intricate  subject  of  curvilinear  beauty,  the 
superiority  of  ovals,  or  egg-curves,  to  bi-  or  multi-symmetrical  curves 
(ellipse  and  circle),  was  mentioned,  and  the  distinction  between  nat- 
ural curves,  formed  according  to  a  uniform  law,  and  artilicial  curves, 
composed  of  arcs  of  more  elementary  curves,  was  noticted  ;  and  then  a 
method  of  constructing  ovals  indefinitely  var  ied  in  form,  from  the  most 
compressed  (or  tuniip-shaped)  to  the  most  elongated  (or  spindle-sliaped) 
was  shown,  consisting  in  making  various  scictions  of  a  right  conoid 
(warp(5rl  surface)  of  circular  base,  by  [)lanes  parallel  to  its  line  of  sti  ic- 
tion  (rectilinear  directrix),  with  an  attein[)t  to  coiniect  these  ovals  sys- 
tematically with  certain  governing  arjgular  ratios. 

The  |)aper  concluded  with  a  few  applications  of  such  ovals  to  the 
fleKign  of  house  and  garden  vases,  fruit  dishes,  gas  slnuhis,  etc.,  iind  a 
hojte  tliat  attr^ntlon  might  be  inf)r(;  gcMici-ally  dircicted  to  a  subject  pos- 
sessing so  much,  both  of  philoso[)hical  and  industrial  interest. 
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Note  on  an  American   Example  op  a  "  St.  Giles  Stair- 
case."   By  S.  P^DWARD  Warren,  of  Newton,  Mass. 

The  St.  Giles  staircase  is  one  of  the  most  complicated  conceivable 
constructional  features  in  architecture  and  engineering.  Therefore, 
as  a  visit  to  Marblehead  promises  to  be  in  order  during  the  present 
session  of  the  Association,  a  note  upon  the  construction  may  interest 
those  visitors  who  are  interested  in  such  matters. 

In  popular  language,  the  structure  is  a  winding  stairway,  arched 
overhead  as  it  winds  ;  the  whole,  steps,  walls,  and  spiral  arched  cov- 
ering being  in  cut  stone.  It  will  be  found  in  the  old  abandoned  fort 
at  Marblehead,  garrisoned,  when  last  seen,  by  one  man  in  working 
dress,  and  armed  only  with  a  wooden  rake. 

To  those  who  are  unfamiliar  with  the  construction,  its  essentials  can 
be  made  intelligible,  step  by  step,  without  model  or  diagram,  as  fol- 
lows :  — 

1.  Hold  a  rod  vertically  in  the  left  hand. 

2.  Hold  a  second  rod  horizontally  in  the  right  hand,  one  end  of 
it  meeting  the  first  rod. 

3.  If  the  second  rod  be  moved  upward,  keeping  it  parallel  to  itself, 
it  will  sweep  over,  that  is,  generate  a  vertical  plane  area. 

4.  If,  instead  of  this  upward  motion,  this  same  second  rod  be  re- 
volved about  the  vertical  rod,  keeping  it  horizontal,  and  meeting  the 
vertical  rod  at  a  fixed  point,  it  will  generate  a  horizontal  circular 
area. 

o.  If  both  the  motions  just  described  be  combined,  and  if  both  be 
uniform,  the  horizontal  rod  will  have  an  ascending  spiral  motion, 
always  in  a  horizontal  position,  around  the  vertical  rod,  and  will 
generate  the  spiral  surface  of  a  square-threaded  screw,  —  the  same 
as  is  seen  on  a  larger  scale  in  the  plastered  under-side  of  circular 
stairs  winding  around  a  cylindrical  central  post  or  pit,  and  called  a 
helicoidal  surface. 

6.  But  now  substitute  for  the  horizontal  moving  rod  a  semicircle, 
having  that  rod  for  its  diameter,  and  in  a  vertical  position  ;  that  is,  so 
that  the  vertical  rod  shall  be  tangent  to  it  at  one  extremity  of  its  hor- 
izontal diameter. 

7.  Now  give  this  semicircle  the  same  compound  or  spiral  motion 
that  was  given  to  the  moving  rod  in  the  last  case,  and  it  will  generate 
what  may  be  popularly  termed  the  cylindrically  spiral  surface,  which 
will  be  the  arched  ceilinsf  of  the  staircase. 
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8.  Finally,  the  joints  between  the  stones  of  a  semicircular  arch 
being  radial,  the  joint  surfaces  of  the  spiral  overhead  arch  of  the  St. 
Giles  staircase  may  be  generated  by  radii  of  the  generating  semi- 
circle of  its  arched  ceiling.  In  this  case,  these  joint  surfaces  will  be 
heliocoidal,  of  the  kind  called  oblique ;  that  is,  like  the  surfaces  of  the 
threads  of  a  triangular  or  V-threaded  screw.  These  straight  lines 
produced  will  everywhere  intersect  the  vertical  rod  or  axis,  and  hence 
will  be  in  vertical  planes.  They  will  also  intersect  the  helix  or  spiral 
line  generated  by  the  centre  of  the  moving  semicircle.  These  prop- 
erties facilitate  the  construction. 

9.  But  such  joint  lines  are  not  perpendicular  to  the  arched  sur- 
face, that  being  not  over  a  horizontal  circular  passage,  but  over  an 
ascending  one.  But,  in  making  them  thus  perpendicular,  we  fall  on 
niceties  of  description,  which  would  require  diagrams  and  models, 
and  on  niceties  of  construction,  which  are  expensive  and  difficult. 
Wherefore  I  stop,  only  directing  inquiry  for  the  stone-winding  stairs 
in  the  Marblehead  fort,  and  adding  that  a  model  in  plaster  of  the  like 
construction  will  be  found  in  the  Institute  of  Technology. 
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Persistence  of  Korean  ornamentation  in  Japanese  pottery. 
By  E.  S.  Morse,  of  Salem,  Mass. 

Prehistoric  and  early  types  of  Japanese  pottery.    By  E.  S. 
Morse,  of  Salem,  Mass. 
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By  S.  D.  Peet,  of  Clinton,  Wis. 
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By  S.  D.  Peet,  of  Clinton,  Wis. 
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adjacent  states.    By  George  H.  Perkins,  of  Burlington,  Yt. 

On  the  rank  of  Indian  languages.    By  J.  W.  Powell,  of  Wash- 
ington, D.  C. 

The  classification  of  kindred  by  the  N.  A.  Indians.  By 
J.  W.  Powell,  of  Washington,  D.  C. 

Conventionalism  in   ornamentation   op  ancient  American 
pottery.    By  F.  W.  Putnam,  of  Cambridge,  Mass. 

On  the  occurrence  in  New  England  of  carvings  by  the 

Indians  of  the  northwest  coast  of  America.    By  F.  W, 

Putnam,  of  Cambridge,  Mass. 
Myths  and  folk-lore  of  the  Iroquois.   By  Erminnie  A.  Smith, 

of  Jersey  City,  N.  J. 
On  the  Iroquois  language.    By  Erminnie  A.  Smith,  of  Jersey 

City,  N.  J. 

Kxnii'.rnoN  of  some  gambling  games  of  the  Iroquois.  By 
Eriniiinif;  A.  Smith,  of  Jersey  City,  N.  J. 

Feeling  and  function  as  factors  in  human  development. 
By  Lester  F.  Ward,  of  Washington,  D.  C. 
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I5y  C.  Foster  Williams,  of  Ashwood,  Tenn. 
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REPORT  OF  THE  GENERAL  SECRETARY. 

Wednesday^  August  25,  1880. — At  10.45  a.  m.  the  Association  was 
called  to  order  in  Huntington  Hall,  Massachusetts  Institute  of  Technology, 
Boston,  by  the  retiring  President,  Professor  George  F.  Barker,  of 
Philadelphia,  who  presented  the  President  elect,  the  Hon.  Lewis  H. 
MoRGAX,  of  Rochester,  who  expressed  his  thanks  for  the  honor  and  his 
desire  to  discharge  his  duties  with  promptness  and  impartiality. 

At  the  request  of  the  President,  the  Rev.  George  E.  Ellis,  D.D.,  of 
Boston,  offered  prayer. 

William  B.  Rogers,  LL.D.,  President  of  the  Massachusetts  Institute 
of  Technology,  and  Chairman  of  the  Local  Committee,  then  addressed 
the  Association  as  follows:  — 

Ladies  and  Gendemen :  —  Speaking  as  the  representative  of  the  local 
committee  of  the  hospitable  city  of  Boston,  and  speaking  as  one  of  the 
old  representatives  of  the  American  Association  for  the  Advancement  of 
Science,  I  have  a  double  duty  to  perform,  —  to  speak  for  the  guest  and 
for  the  entertainer.  The  American  Association  for  the  Advancement  of 
Science  has  never  yet  held  a  meeting  in  this  the  city  of  Franklin,  of 
Bowditch,  and  of  the  long  line  of  other  scientific  woi'thies,  prominent 
among  whom  have  been  Wyman  and  our  great  instructor,  our  adopted 
citizen,  Louis  Agassiz.  It  seems  a  fitting  place  for  such  an  associa- 
tion to  convene.  Its  spirit,  its  institutions,  its  history,  its  habits  and 
sympathies,  all  favor  such  a  reunion  between  its  citizens  and  the  lovers 
and  promoters  of  science.  It  was  my  good  fortune,  if  it  is  a  good  for- 
tune to  be  able  to  date  back  one's  life  for  a  long  period  of  years,  to  have 
been  familiar  with  this  institution  from  its  cradle,  when  it  first  pi'esented 
itself  as  the  Association  of  American  Naturalists  and  Geologists.  This, 
howevei-,  was  not  the  earliest  congi'ess  of  science  assembled  in  the  world. 
The  origin  of  this  thought  of  an  annual  parliament  of  scientific  men 
seems  properly  to  belong  to  the  gi-eat  German  philosopher  Oken,  who  as 
early  as  1822  organized  the  German  Association  for  the  Advancement  of 
Science.  For  eight  or  nine  years  this  exam]ile  was  not  followed,  but  in 
1831  Brewster,  aided  by  Biougham,  established  the  British  Association 
for  the  Advancement  of  Science,  which  we  are  to  regard  as  the  parent 
institution  from  which  we  have  sprung. 

This  British  Association,  meeting  first  in  the  ancient  city  of  York  in 
1831,  has  held  its  annual  meetings,  for  a  series  of  years,  in  all  the  great 
capitals  and  some  of  the  secondary  cities  of  the  kingdom,  faithfully  ad- 
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ministering  to  the  needs  and  stimulating  the  energies  of  scientific  inquiry, 
and  publishing  each  year  its  solid  quarto,  which  represents  so  well  the 
progress  of  physical  and  natural  science.  This  parent  Association  is 
holding  to-day  its  fiftieth  annual  ineeting;  and  now,  in  the  afternoon  of 
its  work,  I  picture  in  thought  some  of  the  illustrious  chiefs  of  science 
that  are  there  assembled;  I  call  to  mind  Sir  Joseph  Hooker,  Sir  William 
Thomson,  Huxley,  Tyndall,  Balfour  Stewart,  Stokes,  Ramsay,  and  Owen, 
and  other  great  representatives  of  the  physical,  mathematical,  and  nat- 
ural science  of  the  present  age.  I  trust  that  to-day,  before  we  shall 
have  closed  our  meeting,  there  will  be  transmitted  by  the  cable  a  note  of 
greeting  irom  the  American  Association  assembled  here  to  the  British 
Association  now  gathered  at  Swansea. 

It  was  eight  years  after  this  memorable  event  of  the  establishment  of 
the  British  Association  that  our  American  Association  of  Geologists  and 
Katuralists  was  founded,  briuging  together  a  zealous  band  of  scientific 
workers  at  the  time  when  our  State  surveys  were  reaping  their  first  dis- 
coveries, when  our  geology,  paleeontology,  and  our  natural  history  in  gen- 
eral were  comparatively  unexplored.  In  the  year  1817,  during  my  presi- 
dency of  this  earlier  society,  the  plan  was  framed  of  a  more  extended  and 
comprehensive  social  organization  for  the  advancement  of  science;  and  in 
the  following  year,  under  the  presidency  of  Redfield,  of  New  York,  the 
first  meeting  of  this  enlarged  Association,  in  its  present  form,  was  held 
in  the  city  of  Philadelphia.  Since  that  time  this  Association  has  con- 
tinued to  assemble  yearly,  save  during  the  dark  interval  when,  through 
the  anxieties  and  sad  necessities  of  the  war  it  was  compelled  to  hold  its 
peace.  But  resuming  its  labors  in  18G5,  the  Association  has  continued 
with  renewed  vigor  to  prosecute  its  work,  and  we  are  now  assembled  at 
its  twenty-ninth  meeting. 

The  functions  of  our  Association  are  adequately  described  by  its  title. 
As  an  association  for  the  advancement  of  science,  it  expects  of  all  those 
who  become  its  members  that  they  shall  do  whatever  is  in  their  power  to 
quicken  scientific  thought,  to  accumulate  facts,  to  discover  and  investigate 
laws,  and,  in  a  word,  to  enlarge  the  boundaries  of  every  department  of 
positive  science.  But  while  we  are  an  association  for  the  advancement  of 
science,  we  are  in  the  very  nature  of  the  case  instrunjental  in  its  diffusion, 
as  is  well  shown  by  the  comparatively  popular  character  of  tlie  meetings 
of  the  American  Association.  We  cannot  better  promote  the  progress  of 
science  than  by  arousing  in  all  quarters  where  the  Association  meets  those 
latent  energi<'s,  those  inl)orn  talents  and  tendencies,  whicij  may  hereafter 
liiossom  and  fructify  in  scietitific  r(;sults. 

1'huH  it  is,  gentlemen,  tiiat  oin*  Association  is  assembled  here,  and 
while  I  would  not  conjpare  it  .as  yet  in  numbers  or  strength  with  the 
])arent  association,  I  see  h(!re  to-day  the  pioniise  of  a  great  increase  both 
in  nnmbr;rs  and  activity  for  the  future.  For  the  last  twenty  years  the 
Briti^'}l  Association  has  had  fi  list  of  members  av(;raging  ;},500;  an  aver- 
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age  attendance  of  nearly  2,500;  and  an  income  from  its  members  of 
$12,500,  having  at  the  same  time  1,000  life  members,  being  able  practi- 
cally to  promote  scientific  research  by  grants  for  different  departments  of 
inquiry  amounting  to  from  $5,000  to  $10,000  a  year.  Here,  my  friends, 
is  something  worthy  of  our  emulation,  a  direction  of  progress  in  which 
we  shall  have  the  sympathy  of  all  scholarly  and  scientific  men  through- 
out the  world. 

Looking  to  the  character  of  the  communications  presented  at  our  meet- 
ings and  published  in  our  proceedings,  let  us  make  it  our  special  care  to 
exclude  from  our  annual  reports  all  detailed  publications  which  are  not 
of  a  character  actually  to  add  to  the  stock  of  human  knowledge,  whether 
that  knowledge  be  simply  the  gathering  together  of  facts  by  careful  pro- 
cesses of  research,  or  the  development  of  laws  by  mathematical  investiga- 
tion. And  let  the  prolonged  discussions,  which,  however  valuable  they 
may  be,  are  not  of  a  quality  and  character  appropriate  to  the  transactions 
of  a  great  body  like  this,  be  printed,  as  the  Seci-etary  suggests,  in  small 
type  and  in  abstract  in  the  latter  part  of  the  volume. 

I  thank  my  friends  for  the  patience  with  which  they  have  listened  to 
one  who  does  not  like  to  call  himself  an  old  man,  but  who  feels  something 
of  the  spirit  of  the  w\ar-worn  soldier  who  likes  at  times  to  shoulder  his 
crutch  and  fight  his  battles  o'er  again.  As  I  have  spoken  in  behalf  of 
the  committee  of  the  city  of  Boston,  let  me  conclude  with  my  personal 
welcome  in  behalf  of  this  institution  over  which  I  have  the  honor  to 
preside,  and  to  say  to  you  that  the  corporation  and  ofl&cers  of  the  Insti- 
tute of  Technology  are  not  only  glad  but  proud  to  welcome  the  American 
Association  for  the  Advancement  of  Science  to  this  hall  and  to  all  the 
accommodations  and  comforts  which  the  Institute  can  offer. 

His  Honor  FRF:DEniCK  0.  Prince,  Mayor  of  the  city,  then  spoke  sub- 
stantially as  follows :  — 

Mr.  President :  —  It  gives  me  much  pleasure  to  meet  you  and  the 
Association  over  w^hich  you  preside  on  this  interesting  occasion,  and  bid 
you  welcome  to  the  city  and  its  hospitalities.  Be  assured  I  express  the 
sentiments  of  our  people,  and  of  all  our  people,  when  I  say  that  Boston  is 
honored  to-day  in  having  within  her  limits  this  large  body  of  distin- 
guished scientists  ;  for  your  rolls  contain  the  names  of  many  whose 
genius,  learning,  and  labors  are  recognized  and  appreciated  wherever 
men  know  their  true  benefactors. 

This  is  the  first  time  —  if  I  am  rightly  informed —  that  the  society  has 
assembled  in  Boston,  although  it  has  met  in  other  cities  of  the  Common- 
wealth.   The  event  will  be  a  memorable  one  in  our  history. 

Mr.  President,  you  are  among  friends.  You  are  among  those  w^ho  are 
in  sympathy  with  your  Association  and  appreciate  the  work  in  which  it 
is  engaged.  Boston  has  always  recognized  the  value  of  science  and  learn- 
ing.   She  has  always  seen  the  power  of  knowledge  as  a  factor  in  social 
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and  political  progress,  and  as  an  element  of  national  prosperity.  She  has 
therefore  always  encouraged  educational  institutions. 

In  a  few  days  we  shall  commemorate  the  two  hundred  and  fiftieth 
anniversary  of  our  municipal  existence.  At  such  a  time  we  naturally 
survey  our  past  history,  and  with  pride  —  permit  me  to  say  with  just 
pride  —  we  draw  attention  to  the  fact  that  in  1632,  two  years  only  after 
the  colonists  landed  upon  this  peninsula,  then  occupied  by  a  single  in- 
habitant, and  before  there  w-as  a  white  man  in  any  place  except  Salem, 
where  this  organization  has  held  an  annual  meeting,  they  organized  a 
school  for  the  instruction  of  their  children,  and  soon  after  devised  the 
present  system  of  free  popular  education  and  made  attendance  upon 
school  compulsory,  for  the  reason  that  society  cannot  be  safe  where  the 
people  are  ignorant,  and  because  of  the  benefits,  social  and  political, 
which  come  from  intelligence  and  culture.  From  that  early  day  Boston 
has  always  contributed  most  liberally  to  the  support  of  public  schools, 
and  now  her  annual  appropriations  for  them  exceed  a  million  and  a  half 
of  dollars.  In  1638,  eight  years  after  the  settlement  of  Boston  was  com- 
menced, our  Puritan  ancestors  laid  the  foundation  of  Harvard  College, 
and  this  institution  has  grow^n  and  prospered  and  reached  its  present 
exalted  position  for  the  most  part  through  the  fostering  care  and  munifi- 
cence of  our  citizens. 

Many  of  the  most  distinguished  members  of  this  Association,  many  of 
those  who  have  achieved  triumphs  in  the  fields  oi  science  —  both  the 
starred  and  the  unstarred  —  are  graduates  of  Harvard,  and  amid  the  clas- 
sic shades  of  their  alma  mater  first  received  the  inspiration  to  engage  in 
the  study  of  nature  as  the  highest  of  human  pursuits. 

Thus  it  will  appear  that  Boston,  through  her  efforts  in  the  cause  of 
education,  has  developed  that  love  of  knowledge  which  has  distinguished 
her  among  American  cities,  and  prompts  her  to  welcome  the  advent  of 
this  Association  to-day  and  wish  it  every  success. 

We  are  a  liard-working  community,  busily  engaged  in  those  industrial 
pursuits  by  which  wealth  is  accumulated.  You  will  find  everywhere 
within  our  limits  evidence  of  material  in-osperity.  All  classes,  except  the 
intemi)erate  and  vicious,  are  enjoying  as  the  fruits  of  their  industry  not 
only  the  comforts,  but  what  would  be  termed  a  few  years  ago  the  luxuries 
of  life.  But  this  material  success  has  not  lessened  our  interest  in  intel- 
lectual progress.  You  will  find  that  Boston  will  always  cheerfully  con- 
tribute from  her  abundance  to  tlie  needs  of  science.  She  has  done  so  in 
the  past;  she  will  do  so  in  the  future. 

It  is  not  for  me  to  speak  of  the  natural  sciences  in  this  presence.  I  am 
wholly  ignorant  of  this  de[)artnH!nt  of  knowledge;  but  permit  me  to  say 
wiiat  I  suppose  will  be  conceded  by  all,  that  as  science  is  the  foundation 
of  all  the  industrial  arts,  and  as  through  these  come  civilization  and 
wealth,  and  most  of  that  which  makes  the  comfort  and  hap[)iness  of 
society,  it  is  fitting  and  just  that  every  community  should  be  willing  and 
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ready  to  do  all  which  may  be  necessary  for  the  development  of  scientific 
truth.  What  has  not  science  done  for  man!  What  pen  or  tongue  can 
record  all  its  benefactions  !  In  the  words  of  Macaulay,'  we  may  say  that 
*'  it  has  lengthened  life,  it  has  mitigated  pain,  it  has  extinguished  dis- 
eases, it  has  increased  the  fertility  of  the  soil,  it  has  given  new  securities 
to  the  mariner,  it  has  furnished  new  arms  to  the  warrior,  it  has  spanned 
great  rivers  and  estuaries  with  bridges  unknown  to  our  fathers,  it  has 
guided  the  thunderbolt  innocuously  from  heaven  to  earth,  it  has  lighted 
up  the  night  with  the  splendor  of  the  day,  it  has  extended  the  range  of 
the  humau  vision,  it  has  multiplied  the  power  of  the  human  muscle,  it 
has  accelerated  motion;  it  has  annihilated  distance;  it  has  facilitated  in- 
tercourse, correspondence,  all  kindly  offices,  all  despatch  of  business;  it 
has  enabled  man  to  descend  to  the  depths  of  the  sea,  to  soar  into  the  air, 
to  penetrate  securely  into  the  noxious  recesses  of  the  earth,  to  traverse  the 
land  on  cars  which  whirl  without  horses,  and  the  ocean  in  ships  which 
sail  against  the  wind;  these  are  but  parts  of  its  fruits." 

Obviously  there  is  a  community  of  interest  between  the  scientist  and 
those  who  are  engaged  in  what  are  called  industrial  i^ursuits.  Each 
party  needs  the  other  —  alter  alterius  auxilio  eget.  One  reveals  through 
his  investigations  those  secret  principles  of  nature  which  enable  the  other 
to  accumulate  the  wealth  from  which  the  cost  of  such  investigations 
should  be  paid.  But  the  scientist  rarely  gets  for  himself  much  of  the 
pecuniary  results  of  his  labors.  He  sows,  but  the  miner  and  merchant 
and  manufacturer  and  mechanic  reap.  AVith  the  former  it  is  usually  sic 
vos  non  vohis :  it  is  usually  tulit  alter  kono7'es.  But  those  engaged  in  scien- 
tific pursuits,  if  influenced  by  the  true  spirit,  will  find  their  reward  and 
compensation  in  the  delights  which  follow  philosophical  discovery  and  in 
the  proud  reflection  of  employing  the  intellect,  which  makes  man  but  a 
little  lower  than  the  angels,  upon  objects  worthy  of  its  divine  nature. 

I  congratulate  the  Association  on  the  auspicious  future  before  it.  The 
field  of  science  has  now  been  cleared  of  most  of  the  impediments  which 
come  from  prejudice,  ignorance,  and  bigotry.  It  is  no  longer  obstructed 
by  metaphysical  conceits  or  the  dogmatic  arrogance  of  sectarian  schools. 
The  utilitarian  spirit  of  the  Baconian  philosophy  everywhere  obtains. 
Even  the  theologian  no  longer  opposes  the  revelations  of  God's  law  from 
the  absurd  fear  that  truth  could  be  made  a  successful  weapon  against  re- 
ligion; but  is  willing  to  believe  with  the  great  philosopher,  that  if  a  little 
knowledge  leads  to  scepticism,  complete  knowledge  conducts  to  faith. 
The  field  before  you  is  free  and  open,  and  the  grandest  discoveries  may 
be  expected  in  every  branch  and  department  of  science. 

We  shall  be  glad,  gentlemen,  if  you  find,  in  the  success  of  this  conven- 
tion, in  the  evidence  you  will  receive  of  our  sympathy  in  your  cause,  and 
in  the  hospitable  entertainment  of  our  city  and  its  citizens,  reasons  for 
carrying  away  with  you  pleasing  recollections  of  this  visit. 
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His  Excellency  Governor  Long,  representing  the  Commonwealth,  spoke 
additional  words  of  welcome  :  —  In  behalf,  also,  of  the  Commonwealth  of 
Massachusetts,  I  am  happy  to  extend  cordial  welcome  to  the  American 
Association  for  the  Advancement  of  Science.  It  was  organized  thirty- 
three  years  ago  in  this  her  capital  city,  and  it  holds  the  charter  of  its  in- 
corporate life  mider  the  act  of  her  legislature.  It  has  enrolled  upon  its 
membership  the  names  of  sons  of  hei'S  who  by  their  contributions  to  the 
store  of  useful  knowledge,  have  paid  her  the  best  return  for  the  education 
4  she  gave  them.    Among  its  presidents  it  reckons  names  precious  in  her 

estimation  and  memory,  — the  names  of  Agassiz,  Peirce,  Gould,  and  Gray. 
Massachusetts  regards  the  true  advancement  of  science  with  no  jealous  or 
distrustful  eye,  but  rather  as  a  synonyme  for  the  greater  happiness  of  the 
people,  tlie  better  mastery  of  nature,  the  foundation  of  a  surer  faith  in 
God  the  creator,  the  nearer  equality  of  a  democratic  state.  She  rejoices 
in  its  achievements  when  she  welcomes  from  all  the  States  of  the  Union 
such  an  illustrious  gathering  of  scientific  men  as  are  here  to-day  in  its 
interest.  And  when  she  hears  the  ring  of  its  hammer,  the  click  of  its 
chisel,  in  the  hands  of  her  own  artisans  and  mechanics,  who,  in  the  varied 
useful  and  homely  industries  of  civilization,  in  her  machine  shops,  at  the 
wheels  of  her  railroad  cars,  in  her  manufactories,  are  at  once  dignifying 
and  elevating  the  lot  of  labor,  the  craft  of  handiwork,  and  who  are  at  the 
same  time  contributing  to  the  enlargement  of  the  comforts,  the  oppor- 
tunities, the  usefulness  of  human  life,  and  to  the  common  weal  of  her 
citizens.  For  science  has  no  favorites  in  the  beneficence  of  its  results.  It 
discloses  no  secret  that  is  not  echoed  around  the  globe.  If  it  electrify  the 
wire  with  messages  of  joy  or  of  appeal,  it  is  for  the  ear  of  the  humblest 
laborer  as  well  as  for  that  of  a  king.  If  Bigelow  invent  or  perfect  his 
loom,  it  is  that  the  floor  of  the  farmer's  cottage  may  be  carpeted  as  softly 
to  the  farmer's  foot  and  as  tastefully  to  his  eye  as  if  he  were  a  merchant 
prince.  Whether  it  be  the  inventions  that  have  developed  the  exhaustless 
l>owfti' of  steam;  that  have  made  the  lightning  a  hand-maiden ;  that  have 
rendered  warmth  and  light  cheap  and  common  comforts  for  all  alike;  that 
have  bettered  our  food;  that  have  provided  transi^)rtation  with  marvel- 
lous economy  and  speed,  or  that  have  enabled  the  remotest  provincial  to 
be  a  cosmopolite,  and  have  laid  the  world  under  contribution  to  the 
American  citizen,  high  or  low,  rich  or  poor,  science  has  taken  no  exclu- 
Kive  as  well  as  no  backward  step.  Her  u)arcli  is  like  that  of  the  sun. 
Eternal  dawn  and  brigliteniiig  go  before  her.  The  darkness  flics,  the 
KhadovvH  disappear,  and  her  blessing  falls  on  all  the  world  alike.  It  is  in 
thiH  8i)irit  tliat  Massachusetts  welcomes  you  who  make  science  your 
jniHtress  and  who  minister  to  her  advancement.  If  there  be  within  our 
Commonwealth  jK)pulouH  and  busy  cities  and  towns,  alive  with  thrift  and 
industry,  singing  the  song  of  the  wheel,  the  liannner,  and  the  loom,  and 
Kweet  with  hoTiH;s;  if  them  be  institutions  of  l(>arning;  if  there  bo  pro- 
vision broadcast  for  tiie  education  and  elevation  of  all  lier  chihlren,  indo- 
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pendent  of  race  or  color  or  condition,  it  is  because  the  advancement  of 
science  has  made  all  this  possible  and  easy.  From  Franklin  and  Rum- 
ford  to  Morse  and  Bell,  Massachusetts  has  welcomed  and  fostered  every 
new  addition  to  scientific  enterprise  and  achievement.  And  yet  she  pays 
you.  the  highest  compliment  by  asking  for  yet  more.  Her  farms,  her 
factories,  her  homes,  all  clamor  for  still  swifter  means  of  development 
and  product  and  comfort.  If  she  points  with  pride  to  her  great  names 
in  the  realm  of  scientific  research  and  progress,  she  also  points  to  them 
still  more  impressively  as  examples  of  what  yet  greater  things  this  gener- 
ation may  do  for  the  advancement  of  science  and  the  bettering  of  human 
life.  With  gratitude  and  respect,  with  also  expectation  and  demand,  I 
therefore  welcome  you,  gentlemen,  to  the  Commonwealth  of  Massachu- 
setts ;  a  Commonwealth  that  has  a  future  all  the  more  because  it  has  a 
history  and  a  past ;  the  Commonwealth  of  Adams  and  of  Andrew,  the 
Commonwealth  of  Franklin,  of  Agassiz  and  Morton,  of  Harvard  and  its 
sister  colleges,  the  Commonwealth  of  the  technical  institute  and  the  free 
school,  and  a  Commonwealth  that  sees  its  highest  destiny  in  the  highest 
advancement  of  the  knowledge  and  happiness  of  all  its  people. 

President  Morgan  responded  for  the  Association  in  the  following 
words  :  — 

Mr.  Chairman  :  The  Association  have  listened  with  pleasure  to  your 
address  of  welcome  to  the  city  of  Boston.  In  no  other  city  of  our  land 
are  better  appreciated  the  unity  of  the  sciences  and  the  brotherhood  of 
scientific  men.  These  are  central  ideas  of  this  Association  ;  and  when 
we  meet  among  a  people  whose  hospitality  is  vitalized  by  intelligent  sym- 
pathy, a  powerful  impulse  is  given  to  the  work  which  it  is  designed  to 
promote.  I  venture  to  predict,  sir,  that  this  meeting  will  become  memo- 
rable in  our  history. 

It  may  seem  singular  that  this  session  of  the  Association  should  be  the 
first  one  held  in  the  good  city  of  Boston  during  the  long  series  of  twenty- 
nine  annual  meetings.  It  has,  however,  met  at  Cambridge,  which  in  the 
public  eye  is  part  of  Boston.  We  cannot  and  we  ought  not  to  separate 
Cambridge,  with  its  noble  university,  and  its  distinguished  body  of 
teachers,  from  Boston,  in  which  the  roots  of  Cambridge  are  planted. 
They  are  "  one  and  inseparable  "  in  association  as  in  fame. 

Thus  we  are  enabled  to  say  that  this  Association  is  indebted  to  Boston 
for  a  peerless  cluster  of  presidents  ;  the  illustrious  and  lamented  Agassiz, 
to  whom  An^erican  science  is  so  deeply  indebted  ;  the  learned  and  gentle 
Wyraan,  whose  loss  we  still  mourn  ;  these  have  ceased  from  among  us, 
and  their  departure  has  rounded  and  completed  their  fame.  Rogers, 
Peirce,  Gould,  Gray,  Lovering,  yet  remain  with  us,  and  therefore  we 
cannot,  on  this  occasion,  speak  of  them  as  their  distinction  deserves. 
"  Seri  in  coelum  redeatis." 

The  Association,  Mr.  Chairman,  were  glad  of  the  invitation  to  hold 
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this  session  in  the  metropolis  of  New  England  ;  in  a  city  which  has  long 
held,  and  still  holds,  the  front  rank  in  our  country  in  science  and  in  art, 
and  in  the  apprehension  of  the  principles  of  political  and  social  well- 
being  ;  where  commercial  enterprise  has  always  been  an  instinct,  and 
commercial  honor  a  natural  sentiment.  The  members  of  this  Association, 
one  and  all,  desire  to  express  their  gratification  at  the  cordial  terms  of 
welcome  with  which  they  have  been  received.  It  gives  me  great  plea- 
sure, as  a  part  of  my  official  duty,  to  return  their  thanks  to  the  people  of 
Boston  and  its  vicinity,  and  to  the  various  institutions  representing  its 
intellectual  life,  for  their  kind  efforts  to  render  this  meeting  pleasant  as 
well  as  successful.  Without  making  any  discriminations,  we  may  be 
allowed  to  notice  the  special  means  for  our  accommodation  provided  by 
the  Institute  of  Technology.  We  are  glad  to  be  under  the  roof,  so  to 
speak,  of  the  chairman  of  the  local  committee. 

Mr.  Mayor:  The  American  Association  for  the  AdA^ancement  of  Science 
is  popular  in  its  character,  as  it  should  be.  Investigators  in  all  depart- 
ments of  science  are  cordially  welcomed  to  its  membership.  By  this  free 
intercourse  of  persons  engaged  in  scientific  pursuits,  results  of  the  highest 
importance  are  constantly  attained.  The  young  are  stimulated  to  greater 
efforts  by  the  encouragement,  and  even  by  the  criticisms,  of  the  more 
advanced,  while  the  latter  gain  in  their  mental  scope  by  suggestions 
springing  from  younger  minds.  The  unseen  benefits  of  these  yearly 
meetings  in  arousing  the  minds  of  young  men  and  prompting  them  to 
enter  upon  fields  of  labor,  no  doubt  far  exceed  the  benefits  which  are 
apparent.  The  quickening  power  thus  imparted  is  one  of  the  best  results 
of  our  Association. 

It  is  precisely  here,  Mr.  Mayor,  that  the  reception  accorded  to  this 
session  by  the  city  of  Boston  has  its  deepest  significance.  When  the 
meetings  of  this  Association  become  indifferent  to  the  communities 
among  which  they  are  held,  its  usefulness  will  be  near  its  end.  There 
is  a  direct  connection  between  the  work  upon  which  its  members  are 
engaged  and  the  material  prosperity  of  the  country,  in  which  all  alike 
have  an  interest.  Scientific  investigations  ascertain  and  establish  prin- 
ciples which  inventive  genius  then  utilizes  for  the  common  benefit.  We 
cannot  have  a  great  nation  without  great  development  of  the  industrial 
arts;  and  this,  in  its  turn,  depends  upon  the  results  of  scientific  dis- 
covery as  necessary  antecedents.  Material  development,  therefore,  is  inti- 
mately relatr;d  to  progress  in  science.  The  cordial  welcome,  Mr.  Mayor, 
which  you  have  extended  to  this  Association,  in  behalf  of  the  people  of 
Boston,  manifests  an  appreciation  of  the  relation  of  science  to  human  pro- 
gress which  is  complimentary  as  well  as  gratifying  to  its  members.  We 
fervently  trust  that  the  resnlts  of  this  meeting  will  not  disappoint  the 
public  expectation. 

Your  Kxcellency,  Governor  of  the  Commonwealth  of  Massachusetts: 
Without  ijitending  to  depart  from  the  proprieties  of  the  occasion,  it  may 
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be  proper  to  say  that  those  of  us  who  come  from  beyond  the  Hudson  can 
but  feel  that  in  entering  New  Eugland  we  enter  the  birthplace  of  Ameri- 
can institutions.  To  some  of  us  it  is  the  land  of  our  fathers,  and  we  can- 
uot  approach  the  precincts  of  their  departed  presence  without  the  senti- 
ment of  filial  veneration.  Here  they  laid  broad  and  deep  the  foundations 
of  American  freedom,  without  which  American  science  wonld  have  been 
an  infant  in  leading-strings  to-day.  Here  was  developed  the  Township, 
with  its  local  self-government,  the  basis  and  the  central  element  of  our 
political  system.  Upon  the  township  was  formed  the  County,  composed 
of  several  towns  similarly  organized  ;  the  State,  composed  of  several 
counties;  and,  finally,  the  United  States,  composed  of  several  States,  each 
organization  a  body  politic,  with  definite  governing  powers  in  a  subordi- 
nate series.  But  the  greatest  of  all,  in  intrinsic  importance,  was  the 
Township,  because  it  was  and  is  the  unit  of  organization  and  embodies 
the  great  principle  of  local  self-government.  It  is  the  restored  Attic 
Deme  of  Cleisthenes,  the  greatest  and  the  grandest  of  the  Grecian  ruins. 
Tyranny  and  barbaric  war  had  defaced  it  ;  ignorance  and  superstition 
had  buried  it  deep.  It  was  virtually  lost  to  mankind,  until,  after  twenty 
centuries,  it  was  reinvented  in  New  England.  It  is  at  once  the  greatest 
and  most  important  of  American  institutions,  because  it  determines  the 
character  of  the  state  and  national  governments.  It  is  also  historically 
significant,  because  it  shows  that  American  Democracy  may  justly  claim 
to  be  the  daughter  of  that  Athenian  Democracy  which  generated  and  pro- 
duced the  most  signal  outburst  of  genius  and  intellect  in  the  entire  his- 
tory of  the  human  race.  Nor  is  this  presage  of  the  future  without  its 
own  significance.  "What  was  achieved  for  philosophy  and  art  uiider  the 
free  institutions  of  Athens  may  yet  be  achieved  for  science  in  the  evolu- 
tion of  the  same  forces  in  America. 

Mr.  Chairman  and  gentlemen,  with  a  grateful  appreciation  of  the  kind- 
ness of  the  people  of  Boston,  the  Association  is  now  prepared  to  enter 
upon  the  regular  work  of  the  session. 

The  Permanent  Secretary  gave  notice  that  the  following  members 
of  the  Association  had  died  since  the  last  meeting  :  — 

George  W.  Abbe,  of  New  York. 

E.  B.  Andrews,  of  Lancaster,  Ohio. 
Homer  C.  Blake,  of  New  York. 

F.  A.  Caikns,  of  New  York. 
Caleb  Cook,  of  Salem,  Mass. 

Benjamin  F.  Mudge,  of  Manhattan,  Kansas. 

Thomas  Nicholson,  of  New  Orleans,  La. 

Louis  FRAN901S  de  Pourtales,  of  Cambridge,  Mass. 

The  financial  report,  also  presented  by  the  Permanent  Secretary, 
showed  a  balance  in  favor  of  the  Association. 
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The  Standing  Committee  was  then  completed  by  the  election  of  the 
following  six  Fellows  :  — 

]Sr.  T.  LuPTON,  of  Nashville. 

F.  W.  Clarke,  of  Cincinnati. 

E.  T.  Cox,  of  Oakland. 

William  Harkness,  of  Washington. 

O.  T.  Mason,  of  Washington. 

S.  A.  Lattimore,  of  Rochester. 

On  motion  of  Prof.  Lupton,  it  was  voted  that  a  committee  be  ap- 
pointed by  the  President  to  prepare  a  message  of  greeting  to  the  Brit- 
ish Association,  to  be  sent  by  cable.  Professors  W.  B.  Kogers,  Asa 
Gray,  and  N.  T.  Lupton  were  appointed,  and  sent  the  following  despatch  : 
"The  American  Association  for  the  Advancement  of  Science,  in  session 
in  Boston,  sends  cordial  greetings  to  the  British  Association  at  Swansea, 
on  the  occasion  of  its  fiftieth  meeting." 

It  was  also  voted  that  the  President  be  requested  to  appoint  a  commit- 
tee of  three  to  propose  suitable  resolutions  of  regret  at  the  death  of  the 
late  General  Albert  J.  Myer  of  the  United  States  Signal  Service. 

The  General  Secretary  presented  a  list  of  four  hundred  and  twenty- 
five  names  of  persons  recommended  to  membership  by  the  Standing  Com- 
mittee, and  the  same  were  duly  elected. 

After  the  reading  of  several  notices  by  the  General  Secretary,  the 
Association  adjourned  to  meet  in  Sections. 

At  7.30  p.  M.  the  Association  again  met  in  General  Session,  i-n  Hunt- 
ington Hall,  to  hear  the  address  of  the  retiring  President,  Prof.  George 
F.  Barker,  of  Philadelphia. 

Thursday,  August  26.  —  Camhridr/e  Day.  The  Association  was  called 
to  order  at  11.30  a.  m.  in  Sanders  Theatre,  by  President  Morgan. 

Prof.  A.  M.  Mayer  read  an  eulogy  of  Joseph  Henry. 

Twenty  persons  proposed  by  the  Standing  Committee  were  duly 
elected  members. 

Dr.  J.  L.  I^e  Conte  moved  tliat  the  Constitution  and  By-Laws  of  the 
Association  be  so  amended  as  to  establisli  a  section  of  Biology.  This  was 
voted  and  referr^id  to  the  Standing  Committee. 

The  Association  then  adjourned  to  meet  as  Section  B,  when  Vice 
President  Agahsiz  delivered  his  address. 

Martin  liriniiner,  Esq.,  in  behalf  of  the  President  and  Fellows  of  ILi-r- 
vard  College  invited  tin;  mr'nibcis  of  the  Association  to  dine  in  Memorial 
Uall. 

Friday,  Avfjust  'j7.  —  A  Genf-ral  Session  was  held  in  Huntington  Hall, 
at  10  a.  m.,  J'r<;sid<;nt  Moim;an  in  the  chair. 
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One  hundred  persons  recommended  to  membership  by  the  Standing 
Committee  were  unanimously  elected. 

After  the  reading  of  several  notices,  the  General  Session  adjourned  to 
meet  in  Sections. 

At  7.30  p.  M.  a  General  Session  was  held  in  Huntington  Hall,  Presi- 
dent Morgan  in  the  chair. 

Prof.  A.  Graham  Bell  gave  his  paper  on  the  Photophone,  which  was 
illustrated  by  the  use  of  the  lantern. 

Saturday,  August  28. — President  Morgan  called  the  General  Session 
to  order,  at  10  a.  m.,  in  Huntington  Hall. 

Twenty-one  persons  were  elected  to  membership  on  recommendation  of 
the  Standing  Committee. 

Various  announcements  were  made  for  the  day  by  the  General  and 
Permanent  Secretaries. 

Prof.  Stone  moved  that  a  Committee  on  Standard  Time  be  appointed. 
Seconded  by  Prof.  Pees,  and  referred  to  the  Standing  Committee. 
Adjourned  to  meet  in  Sections. 

Monday,  August  30.  —  General  Session  was  called  to  order  in  Hunting- 
ton Hall,  at  10.30  a.  m..  President  Morgan  in  the  chair. 

On  the  recommendation  of  the  Nominating  Committee,  the  invita- 
tions from  Cincinnati  to  hold  the  next  meeting  in  that  city  were  accepted, 
and  the  17th  of  August  was  agreed  upon  as  the  time  for  the  next 
meeting. 

The  General  Secretary  then  read  the  following  cablegram:  — 
"  To  the  President  of  the  American  Association  for  the  Advancement 
of  Science,  Boston,  Massachusetts:  —  British  Association,  in  completing 
its  fiftieth  year,  returns  thanks  for  congratulations  to  its  brother  Associa- 
tion on  the  other  side  of  Atlantic. 

President  Bi-itish  Association,  Swansea." 

The  General  Secretary  then  read  letters  from  the  Natural  History 
Society  of  ^Montreal  inviting  the  Association  to  hold  the  meeting  of  1882 
in  that  place.  Also  letters  from  the  Minnesota  Academy  of  Natural 
Sciences,  Governor  of  Minnesota,  Mayor  of  Minneapolis,  the  Geological 
and  Natural  History  Survey  of  Minnesota,  and  the  Board  of  Trade  of 
Minneapolis,  inviting  the  Association  to  hold  its  next  meeting  in  their 
State. 

Dr.  Dawson  made  a  few  remarks  with  reference  to  the  Montreal  in- 
vitation. 

On  the  recommendation  of  the  Nominating  Committee,  the  following 
resolutions  were  passed :  — 

Resolved,  That  the  thanks  of  the  American  Association  for  Advance- 
ment of  Science  be  tendered  to  the  Scientific  Society  of  Montreal  for  its 
cordial  invitation  to  meet  in  that  city  in  1882. 
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Also  Resolved^  That  the  thanks  of  the  American  Association  for  Ad- 
vancement of  Science  be  tendered  to  the  Governor  of  Minnesota,  the 
Mayor  and  City  Council  of  Minneapolis,  the  Geological  and  Natural 
History  Sui-vey  of  Minnesota,  and  to  the  Board  of  Trade  of  Minneapolis 
fpr  their  cordial  invitation  to  meet  in  their  State  in  1881. 

And  further  Resolved^  That  this  Association  trusts  that  the  invitations 
may  be  repeated  at  another  time. 

Reports  of  Committees  being  in  order,  the  President  called  upon  the 
several  Chairmen. 

The  Permanent  Committee  on  Weights,  Measures,  and  Coinage  did 
not  report. 

Mr.  HoLLEY  reported  progress  for  the  Committee  to  Memorialize  the 
Legislature  of  New  York  for  a  new  survey  of  Niagara  Falls,  and  asked 
that  the  Committee  be  continued. 

Report  accepted,  and  Committee  continued. 

Mr.  Hough  gave  an  abstract  of  the  Report  of  the  Committee  on  Cul- 
tivation of  Timber  and  the  Preservation  of  Forests. 
Report  accepted,  and  Committee  discharged. 

Committee  on  Internationarl  Congress  of  Geologists  was  discharged. 
Committee  on  the  Yellowstone  National  Park  was  discharged. 
Committee  on  Relation  of  Science  to  the  Industrial  Arts  reported 
progress. 

Report  accepted,  and  Committee  continued. 
Committee  on  Meteorological  Researches  was  discharged. 
Committee  to  obtain  Permanent  Funds  was  continued. 
Committee  on  Membership  was  continued. 

Committee  on  Science  Teaching  in  the  Public  Schools  presented  their 
report  by  their  Chairman,  Dr.  E.  L.  Youmans,  which  was  accepted,  and 
the  Committee  was  discharged.  It  was  voted  that  the  members  of  this 
Committee  be  appointed  a  Committee  on  The  Best  Methods  of  Scient36 
Teaching  in  the  Public  Schools. 

Prof.  Hafiknkss  reported  for  the  Committee  on  Amendments  to  the 
Constitution.  The  report  was  adopted  and  ordered  to  be  printed,  and 
the  Committee  was  discharged. 

Mr.  Elmott  made  a  brief  repoit  for  the  old  Committee  on  the  Regis- 
tration of  Deaths,  Births,  and  Marriages. 

The  General  Session  then  adjourrted  to  meet  in  Sections. 

Tuesday,  Aur/u.<tt^\iif.  — General  Session  in  Huntington  Hall,  President 
Morgan  in  the  chair. 

Nine  perfions  projtosed  for  membership  by  the  Standing  Committke 
were  duly  elected. 

Judge  IIkndkkkon  moved  that  the  officers  for  the  next  meeting,  recom- 
mended by  the  Nominating  ('ommittkf:,  be  elected  })y  the  Secretary 
canting  one  ballot  for  the  whole  list,  which  was  voted,  and  the  oflicers 
nominated  were  declared  elected,  as  follows:  — 
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G.  J.  Brush,  President. 

A.  M.  Mayer,  Vice  President,  Section  A. 

C.  V.  Riley,  General  Secretary. 

John  Trowbridge,  Secretary  of  Section  A. 

William  Saunders,  Secretary  of  Section  B. 

W.  S.  Vaux,  Treasurer. 

Henry  Wheatland,  Thomas  Meehan,  Auditing  Committ*^e. 

The  election  of  Vice  President,  Section  B,  was  postponed  lu.til  next 
General  Session. 

The  Genp:ral  Secretary  then  read  the  following  Resolutions  recom- 
mended by  the  Standing  Committee,  which  were  adopted:  — 

Resolved,  That  the  second  evening  of  each  Session  be  set  apart  for  the 
social  reunions  of  the  several  Sections,  the  object  of  which  shall  be  the 
promotion  of  the  personal  acquaintance  of  the  members  with  each  other. 

Also  Resolved,  That  such  reunions  shall  be  under  the  direction  of  the 
Sectional  officers,  who,  in  conjunction  with  the  Local  Committee,  shall 
make  for  such  reunions  all  necessary  arrangements,  which  shall  be  an- 
nounced in  the  circular  of  the  Local  Committee  when  practicable. 

The  following  Resolutions,  recommended  by  the  Standing  Commit- 
tee, were  also  adopted:  — 

Resolced,  That  the  American  Association  for  the  Advancement  of 
Science  recognizes  the  value  of  contemporaneous  observations,  at  numer- 
ous and  well  selected  stations,  and  with  standard  instruments,  as  a  first 
and  indispensable  condition  of  convei'ting  meteorology  from  a  chaotic 
mass  of  useless  facts  into  a  science. 

Resolved,  That  this  Association  acknowledges  its  obligations  to  the  first 
Secretary  of  the  Smithsonian  Institution  for  originating,  supporting,  and 
cherishing  such  a  system  of  meteorological  observations  throughout  the 
vast  domain  of  the  United  States,  until  it  had  outgrown  the  resources  of 
the  Institution,  had  justified  its  continuance  by  its  proved  usefulness,  and 
had  awakened  the  fostering  interest  of  the  Government. 

Resolved,  That  in  the  opinion  of  this  Association  the  welfare  of  com- 
merce and  agriculture  and  the  comfort  of  every  member  of  the  commu- 
nity have  been  promoted  by  the  weather  reports  and  weather  charts 
which  have  been  issued  by  the  Chief  Signal  Service  at  Washington,  while 
they  have  at  the  same  time  furnished  food  for  scientific  thought. 

Resolved,  That  the  Association  feel  and  hereby  express  the  great  loss 
which  this  service  has  suffered  in  the  recent  death  of  its  chief  officer, 
General  A.  J.  Meyer,  whose  energetic  administration  of  novel  duties, 
seconded  by  his  able  corps  of  scientific  assistants,  has  commanded  univer- 
sal respect  at  home  and  abroad. 

On  recommendation  of  the  Standing  Committee  it  was  voted,  That 
a  Special  Committee  be  appointed  to  select  a  series  of  stars  suitable  for 
standards  of  stellar  magnitudes,  and  to  report  to  the  Association  at  the 
next  meeting. 
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On  recommendation  of  the  Standing  Committee,  a  Committee  on 
the  Registration  of  Deaths,  Births,  and  Marriages  was  appointed,  con- 
sisting of  E.  B.  Elliott,  F.  B.  Hough,  J.  B.  Killebrew,  Joseph  S. 
Copes,  E.  T.  Cox. 

The  following  Resolution  was  reported  from  the  Standing  Com- 
mittee:— 

Whereas  to-day,  the  31st  of  August,  is  the  ninety-fifth  birthday  of 
^I.  E.  Chevreul,  senior  member  of  the  French  Academy,  therefore  be  it 
Resolced^  That  the  American  Association  for  the  Advancement  of  Science, 
now  in  session  in  Boston,  send  him  its  hearty  congratulations,  with  the 
hope  that  his  life  and  his  labors  may  be  prolonged  at  least  to  the  full 
century.  And  be  it  further  Uesoloed,  That  the  President  of  the  Associa- 
tion be  hereby  instructed  to  officially  transmit  the  above  resolution. 

Prof.  INIayer  and  Mr.  Gaffield  made  a  few  remai'ks  on  the  eminent 
worth  of  M.  Chevreul,  and  the  Resolutions  were  adopted. 

Prof.  MiNOT  made  a  communication  in  regard  to  the  plethysmogi-aph, 
and  invited  members  to  examine  the  apparatus. 

On  motion.  Prof.  N.  T.  Lupton,  of  Vanderbilt  University,  w^as  added 
to  the  Committee  "  on  the  Best  Methods  of  Science  Teaching  in  the  Public 
Schools." 

On  motion  of  Prof.  I.  E.  Hasbrouck,  the  Association  proceeded  to 
ballot  for  Fellows. 

Judge  Henderson  and  Prof.  Hasbrouck  were  appointed  tellers. 

Prof.  Young  moved  that  the  tellers  make  their  report  in  print  at  the 
Morning  Session, 

Carried. 

The  Association  then  adjourned  to  meet  in  Sections. 

At  7.30  p.  M.  a  General  Session  was  held  in  Huntington  Hall  for  the 
purpose  of  hearing  Prof.  Hyatt's  paper  on  the  Transformations  of  Plan- 
orbis,  — a  practical  illustration  of  the  evolution  of  species,  —  with  stere- 
opticon  views.  This  was  followed  by  a  series  of  exhibitions  illustrative 
of  the  use  of  the  lantern-microscope.  After  which  was  an  exhibition  of 
rnicrosco[»es,  accessory  appai  atus,  and  objects,  under  the  auspices  of  the 
Section  of  Microscopy  of  the  Jioston  Society  of  Natural  History,  in  the 
lower  rooms,  where  a  collation  was  also  served. 

Wednesdaii,  Se/iffimhf^r  1.  'J'he  last  day's  session  was  opened  at  10.40 
A.  M.,  I'resident  Morgan  in  the  cliair. 

'J'he  lint  of  Fellows  nominated  by  the  Standing  Committee  was 
declared  elected,  as  follows  :  — 

IVof.  W.  A.  Anthony,  Tthaca,  N.  Y. 
IIenky  p.  Ajimhhy,  New  Haven,  Conn. 
IVof.  W.  S.  IUunaud,  Ithaca,  N.  Y. 
Prof.  W.  J.  Deal,  Lansing,  Mich. 
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Dr.  Emil  Bessels,  Smithsonian  Institution,  Washington,  D.  C. 

Prof.  C.  E.  Bessey,  Ames,  Iowa. 

Prof.  A.  S.  BiCKMORE,  New  York,  N.  Y. 

Prof.  H.  P.  BowDiTCH,  Boston,  Mass. 

Prof.  A.  A.  Breneman,  Ithaca,  N.  Y. 

Alvan  G.  Clark,  Cambridgeport,  Mass. 

Verplaxck  Colvin,  Albany,  N.  Y. 

Prof.  A.  J.  Cook,  Lansing,  Mich. 

Prof.  Le  Roy  C.  Cooley,  Vassar  College,  Poughkeepsie,  N.  Y. 

Dr.  Thomas  Craig,  U.  S.  Coast  Survey,  AVashington,  D.  C. 

Prof.  C.  R.  Cross,  Institute  of  Technology,  Boston,  Mass. 

Prof.  A.  E.  Dolbear,  College  Hill,  Mass. 

Prof.  F.  P.  Dunxixgton,  University  of  Virginia,  Va. 

J,  Rayxer  Edmaxds,  Cambridge,  Mass. 

Hexry  Edwards,  New  York,  N.  Y. 

Arthur  H.  Elliott,  School  of  Mines,  New  York,  N.  Y. 

Dr.  R.  J.  Farquharsox,  Davenport,  Iowa. 

Prof.  Edgar  Frisby,  Washington,  D.  C. 

Dr.  S.  A.  GoLDSCHMiDT,  New  York,  N.  Y. 

F.  A.  GoocH,  Newport,  R.  I. 

Clarence  King,  New  York,  N.  Y. 

Hexry  C.  Lewis,  Germantown,  Pa. 

E.  P.  Lull,  Commander  U.  S.  N.,  Sitka,  Alaska. 

Lieut.  D.  A.  Lyle,  U.  S.  A.,  National  Armory,  Springfield,  Mass. 

Prof.  H.  N.  Martix,  Baltimore,  Md. 

Prof.  C.  C  Merrimax,  Rochester,  N.  Y. 

Dr.  C.  S.  MixoT,  Boston,  Mass. 

J.  Duncan  Putxam,  Davenport,  Iowa. 

J.  J.  Putxam,  M.D.,  Boston,  Mass. 

Pierre  de  P.  Ricketts,  New  York,  N.  Y. 

Prof.  H.  A.  Rowlaxd,  Baltimore,  Md. 

J.  J.  Skixxer,  New  Haven,  Conn. 

Mrs.  Ermixxie  A.  Smith,  Jersey  City,  N.  J. 

Prof.  F.  H.  Smith,  University  of  Virginia,  Va. 

Alfred  Sprixger,  Ph.D.,  Cincinnati,  Ohio. 

Dr.  G.  'M.  Sterxberg,  Washington,  D.  C. 

J.  P.  Trembly,  M.D.,  Oakland,  Cal. 

Warrex  Upham,  Nashua,  N.  H. 

Leoxard  Waldo,  S.D.,  New  Haven,  Conn. 

Prof.  C.  K.  Wead,  University  of  Michigan,  Ann  Arbor,  Mich. 

Prof.  C.  O.  Whitmax,  Tokio,  Japan. 

Prof.  A.  A.  Wright,  Oberlin,  Ohio. 

Nine  new  members  were  recommended  by  the  Staxdixg  Committee 
and  were  elected. 
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Dr.  George  Engelmann  of  St.  Louis  was  recommended  by  the  Nomi- 
nating Committee  for  Vice  President  of  Section  B.  On  ballot  he  was 
declared  elected. 

The  Standing  Committee  recommended  the  following  resolution, 
which  was  adopted  :  — 

Whei'eas  Dr.  Charles  T.  Jackson,  one  of  the  founders  and  an  early 
President  of  the  Association  of  American  Geologists  and  Naturalists,  has, 
after  many  years  of  illness  and  seclusion,  just  passed  away,  it  is  fitting 
that  this  Association  express  its  high  appreciation  of  his  long  and  valu- 
able services,  both  as  an  original  investigator  in  American  Geology  and 
Mineralogy,  and  as  a  teacher  of  Chemistry,  which  will  cause  his  name  to 
be  long  held  in  honor  and  in  grateful  remembrance. 

At  the  suggestion  of  the  Standing  Committee  the  following  was 
voted :  — 

That  any  member  of -the  .Association  who  pays  the  additional  sum  of 
Ten  Dollars  may  have  the  volumes  of  the  Proceedings  of  the  American 
Association  for  the  Advancement  of  Science  to  which  he  may  be  entitled, 
which  are  issued  subsequent  to  the  payment,  bound  in  cloth;  and  on  the 
payment  of  Twenty  Dollars,  bound  in  one-half  Turkey  morocco. 

Prof.  Harkness  made  a  few  remarks  in  regard  to  the  desirability  of 
recommending  the  next  Nominating  Committee  to  favorably  consider  the 
invitation  to  Montreal  in  1882. 

The  Secretary  then  read  the  following  resolution,  passed  by  the 
Standing  Committee  :  — 

Resolved,  That  the  Standing  Committee  most  earnestly  recommend 
to  the  Nominating  Committee  to  give  favorable  consideration  to  the 
invitation  to  meet  in  Montreal  in  1882. 

This  resolution  was  unanimously  adopted. 

Principal  Dawson  of  Montreal  thanked  the  Association  for  its  action. 
The  Permanent  Secretary  called  the  attention  of  the  Sectional 
Committees  to  a  meeting  for  the  transaction  of  important  business. 
Adjourned  to  meet  in  sections. 

'J'he  closing  session  was  held  at  Huntington  Hall  at  8  p.m.,  President 
MoHGAN  in  the  chair. 

'J'hirt<i<'n  persons  were  elected  members  on  recommendation  of  the 
8tani>ing  Committee.  The  Committee  also  nominated  three  members 
for  KmIIowh,  and  they  were  elected.  [Their  names  are  included  in  the 
preceding  list  of  Fellows  elected.] 

'\']\<:  Gknehai.  Secretary  presented  a  resolution  from  the  Standing 
Co.MMi  i  'i  EE  a[)pointing  a  special  C(;nimittee  to  wait  upon  his  Excellency 
the  J'lehident  of  the  United  States,  in  relation  to  the  Signal  Service, 
which  was  adopted. 
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President  Morgax,  after  a  few  remarks  relating  to  the  cordial  recep- 
tion which  the  Association  had  received  from  the  people  of  Boston  and 
vicinity,  called  for  such  resolutions  as  had  been  prepared  to  be  offered  at 
this  closing  session. 

Prof.  Harkxess,  after  appropriate  introductory  remarks,  offered  the 
following  :  — 

Resolved^  That  tlie  cordial  thanks  of  the  American  Association  for  the 
Advancement  of  Science  be  tendered 

To  his  Excellency  the  Governor  of  the  Commonw^ealth  of  Massachu- 
setts, and  to  his  Honor  the  Mayor  of  Boston,  for  their  cordial  and 
eloquent  addresses  of  welcome  to  the  Association  on  the  occasion  of  its 
opening  session. 

To  Pj-ofessor  William  B.  Rogers,  for  his  eloquent  words  of  welcome, 
and  for  his  energy  and  perseverance  in  rendering  this  meeting  of  the 
Association  the  most  successful  and  important  in  its  history. 

To  the  Corporation  of  the  Massachusetts  Institute  of  Technology,  for 
its  liberality  in  opening  its  buildings  and  all  their  facilities  for  the  use  of 
the  officers  and  members  of  the  Association  throughout  the  meeting  ;  also 
to  the  Faculty,  for  their  personal  attentions  to  the  wants  of  the  members 
and  visitors. 

To  the  Local  Committee  of  the  citizens  of  Boston,  and  especially  to  its 
officei's  and  to  the  members  of  the  Executive  Committee,  for  their  arduous 
labors  in  obtaining  funds,  and  in  arranging  so  admirably  for  raih-oad 
facilities,  for  lodgings,  for  the  mid-day  lunch,  and  for  the  hospitalities 
which  have  been  so  generously  provided  for  the  members  attending  the 
meeting. 

To  His  Honor  the  Mayor,  and  the  other  Municipal  authorities,  for  their 
liberal  provision  in  behalf  of  the  city  for  the  Harbor  Excursion  on  the 
2Sth  ult.,  which  was  so  much  enjoyed  by  the  members  of  the  Association. 

Seconded  by  Judge  Hendersox,  and  enthusiastically  carried. 

Professor  Nasox  then  proposed  the  following  :  — 

Resolved^  That  a  vote  of  thanks  be  tendered 

To  the  Boston  Society  of  Natural  History,  for  the  numerous  courtesies 
rendered  by  its  officers,  and  for  the  lise  of  its  lOoms. 

To  the  Trustees  of  the  Boston  Museum  of  the  Fine  Arts,  for  the  invi- 
tation to  visit  their  rare  and  beautiful  collections. 

To  the  President  and  Fellows  of  Harvard  College,  for  the  use  of  San- 
ders Theatre,  for  the  bountiful  collation  served  in  Memorial  Hall,  for 
the  invitation  to  the  Botanic  Garden  and  to  the  Observatory,  museums, 
laboratories,  and  other  departments  of  the  University. 
For  the  delightful  receptions  given  by 

Prof,  and  Mrs.  AVilliam  B.  Rogers,  at  the  Hotel  Vendome, 
Dr.  and  Mrs.  A.  Graham  Bell,  at  Cambridge, 
Mr.  and  ^Nlrs.  S.  Endicott  Peabody,  at  Salem. 

A.  A.  A.  S.  VOL.  XXIX. 
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The  resolution  was  seconded  by  Rev.  Mr,  Shackelford,  and  after 
remarks  by  several  members  was  unanimously  adopted. 

Professor  Lattimore  offered  the  following  :  — 

Resolved^  That  the  thanks  of  the  Association  be  given 

To  Dr.  Henry  Wheatland,  President  of  the  Essex  Institute,  to  Judge 
William  C.  Endicott,  President  of  the  Peabody  Academy  of  Science,  and 
to  the  Salem  Committee,  for  the  interesting  and  profitable  visit  to  Salem 
and  its  scientific  institutions  on  Monday  last. 

To  the  Eastern  Railroad  Company,  for  the  use  of  trains  to  convey  the 
members  of  the  Association  to  and  from  Salem,  Rockport,  and  Marble- 
head,  and  for  their  great  liberality  in  furnishing  trains  free  of  cost  for  the 
three  days'  excursion  to  the  White  Mountains. 

To  Messrs.  Samuel  H.  Scudder,  Edward  Burgess,  John  M.  Ordway, 
Charles  R.  Cross,  R.  H.  Richards,  William  H.  Niles,  J.  Rayner  Edmands, 
Hamilton  A.  Hill,  Charles  L.  Jackson,  A.  P.  Rockwell,  J.  R.  Cliadwick, 
C.  F.  Folsom,  Nathan  Appleton,  E.  S.  Ritchie,  Charles  H.  Williams, 
Charles  E.  Fay,  Mrs.  R.  H.  Richards,  and  Mrs.  W.  H.  Niles,  for  their 
veiy  kind  and  numerous  attentions,  and  as  representatives  of  the  many 
■who  have  spared  no  pains  to  contribute  to  the  comfort  and  convenience  of 
the  members  of  the  Association. 

To  the  representatives  of  the  Press,  who  have  attended  its  meetings  and 
reported  its  proceedings  so  fully,  particularly  to  the  Boston  Daily  Adver- 
tiser for  tlie  arrangements  made  for  obtaining  extended  reports  of  the 
proceedings  of  the  various  Sections. 

To  the  following  Corporations  and  persons,  for  highly  appreciated 
attentions  and  valuable  services  :  — 

The  Western  Union  Telegraph  Company,  Geo.  F.  Milliken,  Manager. 

American  Rapid  Telegraphic  Dispatch  Company. 

American  Bell  Telephone  Company,  W.  H.  Forbes,  President. 

Dr.  A.  Gi-aham  Bell,  for  special  telephone  conveniences. 

The  American  Academy  of  Arts  and  Sciences. 

The  Massachusetts  Historical  Society. 

The  Massachusetts  Hoi  ticultural  Society. 

The  Historic-Genealogical  Society. 

'i'he  Society  of  Decorative  Art. 

The  Young  Men's  Christian  Association. 

Th<;  Young  Men's  Christian  Union. 

'J  he  Warren  Museum. 

TJie  Boston  I'ublic  Library. 

The  AthenjiMim  IJl)rary. 

The  Boston  Medical  Library. 

I'he  Trustfies  of  the  Old  South  (Jhurdi. 

"J'he  Peikius  Institution  and  Massachusetts  School  for  the  Blind. 
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Commodore  George  M.  Ransom,  Commandant  Navy  Yard,  Charles- 
town. 

Colonel  T.  S.  Laidley,  U.S.A.,  Commandant  Watertown  Arsenal. 

The  South  Boston  Iron  Company. 

The  President  and  Faculty  of  Tufts  College. 

Mrs.  Thomas  P.  James,  of  Cambridge. 

The  New  England  Woman's  Club. 

Lieutenant  Commander  White,  of  the  U.  S.  training  ship  Minnesota. 
Mi\  James  B.  Francis  and  other  Manufacturers  at  Lowell,  and  the 

Boston  and  Lowell  Railroad  Company  for  courtesies  extended 

on  Monday. 
The  Heliotype  Printing  Company. 
The  School  Committee  of  Boston. 
The  Principal  of  the  Chauncy  Hall  SchooL 
The  Adams  Express  Company. 
The  American  Express  Company. 
The  United  States  and  Canada  Express  Company, 
The  New  York  and  Boston  Despatch  Company. 

To  the  following  Railroads  for  reducing  their  rates  to  members  attend- 
ing the  meeting  :  —  Concord,  Northern  New  Hampshire,  Central  Ver- 
mont, Boston  &  Providence,  Old  Colony,  Boston  &  Albany,  New  York, 
New  Haven  &  Hartford,  Eastern,  Boston  &  Maine,  Maine  Central,  Euro- 
pean and  North  American,  St.  John  &  Maine,  Michigan  Central,  Chicago, 
St.  Louis  &  New  Orleans,  Cleveland,  Columbus,  Cincinnati  &  Indianapo- 
lis, Union  Pacific,  Central  Pacific,  East  Tennessee,  Virginia  &  Georgia, 
Philadelphia,  Wilmington  &  Georgia,  Grand  Trunk,  Boston,  Concord  & 
Montreal,  Fitchburg  &-  Hoosac  Tunnel  Line,  Vandalia  Line,  Bee  Line, 
and  Wabash  Line. 

This  resolution  was  most  heartily  seconded  and  endorsed  by  Rev.  H.  C. 
HovEY,  of  New  Haven,  Mr.  John  L.  Procter,  of  the  Geological  Survey 
of  Kentucky,  and  Dr.  J.  Lawrence  Smith,  of  Louisville,  and  was 
adopted  by  a  rising  vote. 

The  Permanent  Secretary  stated  that  as  a  slight  memorial  of  the 
Boston  meeting,  a  copy  of  the  Memoirs  of  the  Association  had  been,  by 
vote  of  the  Standing  Committee,  '  presented  to  the  New  England 
Woman's  Club. 

After  remarks  by  several  members.  President  Morgan,  with  a  few 
concluding  words,  declared  the  twenty-ninth  meeting  of  the  Association 
adjourned. 

J.  K.  Rees, 

General  Secretary » 
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REPORT  OF  THE  PERMANENT  SECRETARY. 

In  1847  the  "  Association  of  Geologists  and  Naturalists  "  held  its  meet- 
ing in  Boston,  and  it  was  then  decided  that  the  usefulness  of  the  Association 
could  be  increased  by  an  enlargement  of  its  objects,  and  the  adoption  of 
the  name  of  the  American  Association  for  the  Advancement  of  Science. 
After  a  third  of  a  century,  the  Association  met  for  the  first  time  in  its  natal 
city,  under  the  general  guidance  of  Professor  William  B.  Rogers,  as  Chair- 
man of  the  Local  Committee,  who  was  also  the  presiding  officer  at  its 
birth ;  and  it  was  determined  that  the  time  had  come  when  the  Associa- 
tion, for  the  second  time,  should  open  its  doors  still  wider,  and,  by  the 
addition  of  other  departments  of  research,  give  a  still  broader  scope  to  its 
objects. 

The  changes  in  the  constitution  of  the  Association,  which  will  be  required 
in  order  to  introduce  the  new  sections,  will  be  reported  in  print  for  final 
action  at  Cincinnati.  It  need  only  be  stated  here  that  the  proposed 
changes  provide  for  eight  sections,  and  a  permanent  subsection  (of  Micro- 
scopy), in  place  of  the  two  sections  and  the  several  subsections  which  have 
been  found  necessary  at  late  meetings. 

The  large  number  of  members  present,  the  great  increase  in  the  number 
of  papers  entered,  some  of  which  were  of  unusual  importance,  and  the 
great  addition  to  the  membership  of  the  Association,  mark  the  Boston 
meeting  as  the  most  successful  ever  held,  while  the  perfect  arrangements 
and  elaborate  provisions  made  by  the  Local  Committee,  who  were  so  cor- 
dially seconded  in  the  work  by  hundreds  of  the  liberal  citizens  of  Boston, 
as  well  as  by  its  Government,  were  decided  evidence  of  the  respect  and 
esteem  in  which  the  Association  is  held. 

Considering  all  that  was  done  for  the  comfort  and  entertainment  of  the 
members,  the  generous  hospitality  of  the  city,  the  cordial  welcome  of  the 
Governor  on  the  part  of  the  State,  and  the  liberality  of  the  Eastei-n  Rail- 
road ^<)m{)any,  as  well  as  the  hospitable  greeting  of  the  Corporation  and 
of&ceji's  of  Harvard  University,  and  that  of  many  of  tlie  citizens  of  Salem, 
on  the  days  devoted  to  visits  to  those  places  of  learning  and  culture,  the 
members  of  the  Association,  certainly,  must  regard  this  meeting  as  a  bril- 
liant success,  that  will  be  long  remembered  witli  satisfaction  and  gratitude 
by  tliose  who  were  present,  and  have  additional  reason  to  feel  that  its 
founders,  a  third  of  a  century  ago.  ncAi'.d  with  wisdom  and  far-seeing 
sagacity  when  they  laid  the;  foundation  for  "  migraioiy  meetings,  in  order 
U)  i»roinot^i  intfjrcourHC  l)etween  those  who  aie  cultivating  science  in  differ- 
ent partsof  thecoujitry,"  and  thus  providcjd  for  their  "  increased  facilities 
and  a  wider  iiHefulness." 

On  Wednesday  morning,  August  25,  1880,  the  president  of  tlie  last 
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meeting,  Professor  George  F.  Barker,  of  Philadelphia,  called  the  Associa- 
tion to  order  in  Huntington  Hall,  and  introduced  President  Morgan.  The 
Rev.  Dr.  George  E.  Ellis  olfered  prayer,  and  remarks  were  then  made  by- 
Professor  William  B.  Rogers  in  behalf  of  the  Local  Committee.  His 
Honor  Mayor  Prince  and  His  Excellency  Governor  Long,  extended  a  most 
cordial  welcome  to  the  members  of  the  Association,  to  which  President 
Morgan  responded.  The  formalities  of  organization  were  then  com- 
pleted. 

Sections  A  and  B,  and  the  Subsections  of  Chemistry,  Microscopy,  and 
Anthropology,  were  called  to  order  by  their  officers  in  the  several  rooms 
in  the  building  of  the  Massachusetts  Institute  of  Technology,  and  per- 
fected their  organization  by  electing  their  several  committees. 

At  one  o'clock,  a  bountiful  lunch  was  served  by  the  Local  Committee 
in  the  Gymnasium  of  the  Institute,  and  an  hour  and  a  half  of  sociability 
followed. 

At  half-past  two  o'clock.  Vice  President  Hall,  of  Section  A,  delivered 
his  address  in  Huntington  Hall,  and  at  four  o'clock  Chairmen  Ordway 
and  Powell,  of  the  Subsections  of  Chemistry  and  Anthropology,  gave  their 
addresses  before  their  respective  sections.  In  the  evening  Professor  Barker 
delivered  the  presidential  address  to  a  large  audience  at  a  General  Session 
of  the  Association,  in  Huntington  Hall.  After  the  address,  a  reception 
was  given  to  the  Association  and  many  invited  guests,  by  the  Trustees  of 
the  Boston  Museum  of  Fine  Arts  at  the  Museum. 

During  the  day  the  Local  Committee  distributed  to  each  member  of  the 
Association  a  pocket  map  of  Boston  and  vicinity,  with  a  pamphlet  con- 
taining a  brief  account  of  the  Scientific  Institutions  in  Boston,  Cambridge, 
and  Salem,  both  of  w'hieh  had  been  specially  prepared  for  the  occa.sion  by 
the  Local  Committee,  under  the  immediate  direction  of  Mr.  Samuel  H. 
Scudder.  On  the  walls  of  the  Local  Committee  room  several  large  maps 
and  plans  were  hung,  showing  the  different  horse-car  routes  of  the  vicinity, 
the  water-supply  system,  old  and  new  drainage  systems,  and  other  matters 
of  general  interest. 

A  special  post-office,  telephone,  telegraph,  and  express  ofl&ces,  and  news- 
stand, were  established  in  the  Institute  building,  and  were  of  very  great 
service  to  the  members;  thanks  particularly  to  the  liberality  of  the  Western 
Union  Telegraph  and  American  Bell  Telephone  companies. 

Many  invitations  and  offerings  of  courtesies  were  announced  on  the 
daily  programme  from  the  various  institutions  of  the  city  and  vicinity, 
and  evei-y  effort  was  made  to  convey  to  the  members  of  the  Association  a 
cordial  greeting. 

The  Entomological  Club  of  the  Association  was  more  largely  attended 
than  ever,  and  on  a  later  day  it  was  resolved  to  dissolve  the  Club  and  re- 
organize as  a  permanent  subsection  of  the  Association. 

The  Association  of  Agricultural  Chemists  also  called  a  meeting,  to  be 
held  in  the  rooms  of  the  Boston  Society  of  J^atural  History,  and  the  American 
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Chemical  Society  gave  notice  of  a  dinner  of  members  of  the  society,  to  be 
held  at  Young's  Hotel,  on  Friday  evening. 

On  Thursday  the  Association  held  its  General  Session  at  11  a.m.,  in  the 
Sanders  Theatre,  Cambridge,  at  which  Professor  A.  M.  Mayer,  in  behalf 
of  the  committee  appointed  at  a  previous  meeting,  read  an  eulogy  of  the 
late  Professor  Joseph  Henry.  Immediately  after  the  Association  met  as 
Section  B,  and  Vice  President  Agassiz  delivered  his  address.  At  half -past 
one  o'clock,  by  invitation  of  the  President  and  Fellows  of  Harvard  Col- 
lege, the  Association  took  dinner  in  Memorial  Hall,  Martin  Brimmer, 
Esq.,  of  the  corporation,  presiding. 

After  the  dinner  visits  were  made  to  the  Museum  of  Comparative 
Zoology,  the  Peabody  Museum  of  Archgeology  and  Ethnology,  the  Physical 
Laboratory,  the  Mineralogical  Cabinet,  the  Chemical  Laboratories,  the 
Library,  the  Gymnasium,  and  other  College  buildings  and  places  of  interest. 
Special  receptions  were  also  held  in  the  afternoon  at  the  Botanic  Garden, 
the  Observatory,  and  at  the  room  of  the  Cambridge  Entomological  Club, 
and  at  Mrs.  T.  P.  James's.  At  six  o'clock  a  tea  was  given  to  the  Associa- 
tion at  the  Botanic  Garden,  followed  by  a  visit  to  the  Observatory,  and 
by  a  reception  at  the  house  of  Mr.  and  Mrs.  Alexander  Graham  Bell, 
the  members  returning  to  Boston  about  midnight. 

Friday  was  given  to  solid  work  in  the  Sections,  after  a  short  General  Ses- 
sion in  the  morning.  The  intermission  between  the  morning  and  afternoon 
sessions  was  most  pleasantly  passed  at  the  Association  lunch,  furnished  by 
the  Local  Committee.  In  the  evening  Professor  Bell's  paper,  on  the  pho- 
tophone,  was  delivered  in  General  Session  at  Huntington  Hall,  and  was 
followed  by  a  reception  at  the  Vendome,  given  to  the  Association  by  Mr. 
and  Mrs.  William  B.  Rogers. 

After  the  General  Session  on  Saturday  morning,  the  sections  and  subsec- 
tions met  for  the  reading  of  papers. 

Section  A  was  temporarily  subdivided  by  the  separation  of  the  papers  on 
Physics  from  those  on  Mathematics  and  Astronomy.  Section  B  also 
made  a  temporary  division  into  Geology  and  Jiiology,  and  the  Subsection 
of  p]ntomology  was  formed. 

By  invitation  of  His  Honor  the  Mayor  of  Boston,  the  Association  made 
an  excursion  down  the  hai-bor  on  the  steamer  Eni[)ire  State.  A  collation  was 
providfid  on  hoard  the  steamer  l)y  tlie  city  authorities,  and  after  a  delightful 
trip  the  party  returned  at  seven  o'clock.  Inthoevening,  the  Nominating  and 
Standing  Committees  met  at  the  Vendome.  From  eleven  until  two  o'clock 
the  Woman's  LaV)oratory,  the  Biological  Lal>oratory,  and  the  workshops 
attiiched  to  the  Institute  of  Technology  were  open  to  members  of  the 
Association  for  special  examination.  A  Guide  to  the  Museum  of  the 
Boston  Society  of  Natural  History,  specially  pro[)are<l  for  the  occasion 
by  Professor  Hyatt,  the  Curatr^r  of  the  Museum,  was  distributed  to 
members  of  the  Association  during  the  morning,  as  was  also  a  guide- 
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book  of  Salem,  which  was  sent  with  the  compliments  of  the  Essex  Insti- 
tute. On  Monday,  the  Mining  Laboratory  of  the  Institute  was  put  in 
operation,  under  the  direction  of  Professor  Richards,  in  order  that  mem- 
bers of  the  Association  might  see  the  practical  way  in  which  instruction  in 
the  school  is  given,  and  Mrs.  Richards  also  explained  the  method  of 
instruction  given  in  the  Woman's  Laboratory.  Members  were  also 
particularly  invited  to  examine  the  Chauncy-Hall  School  House  during 
the  day.  The  Heliotype  Printing  Company  also  invited  all  interested  to 
visit  their  establishment,  and  see  the  process  of  photo-mechanical  printing. 
Professor  Farlow  opened  his  Cryptogamic  collection,  at  Cambridge,  to  such 
as  wished  to  examine  it. 

At  the  General  Session  in  Huntington  Hall  in  the  morning,  the  invitations 
to  hold  the  next  meeting  in  Cincinnati  were  accepted;  a  number  of  Fel- 
lows were  elected,  and  reports  were  received  from  several  special  commit- 
tees. After  short  meetings  of  the  Sections  the  members  met  at  one  o'clock 
at  the  lunch  given  by  the  Local  Committee.  The  afternoon  and  evening 
were  given  up  to  several  excursions  and  receptions.  About  four  hundred 
members  with  ladies  accepted  the  invitation  to  visit  Salem,  and  were  trans- 
ferred to  and  from  the  city  by  a  special  train,  generously  furnished  by  the 
Eastern  Railroad  Company.  At  the  Salem  station  the  party  were  met  by 
the  Salem  Committee  and  conducted  to  the  Peabody  Academy,  the  Essex 
Institute,  and  other  places  of  interest.  At  five  o'clock  the  members  were 
conveyed  in  carriages  to  Kern  wood,  where  they  were  hospitably  entertained 
by  Mr.  and  Mrs.  S.  Endicott  Peabody  at  their  beautiful  residence ;  the 
party  returned  to  Boston  at  nine  o'clock,  after  a  very  enjoyable  excursion, 
which  reminded  many  members  of  the  meeting  of  the  Association  held  in 
Salem  in  1869. 

The  Eastern  Railroad  also  furnished  free  tickets  to  such  of  the  members 
as  wished  to  pass  the  afternoon  at  the  seaside  on  Cape  Ann,  and  to  those 
who  desired  to  make  a  geological  excursion  to  Marblehead,  and  many  took 
advantage  of  these  liberal  offers. 

The  Hon.  James  B.  Francis  very  kindly  arranged  for  a  visit  to  Lowell 
and  its  factories,  the  Boston  and  Lowell  Railroad  placing  a  special  car, 
free  of  charge,  at  the  disposal  of  the  Association.  On  the  arrival  of  the 
party  at  Lowell,  carriages  and  refreshments  were  provided  by  the  manu- 
facturing companies. 

On  Tuesday  officers  were  elected  for  the  Cincinnati  meeting,  after  which 
the  Sections  met.  The  recess  from  one  to  half-past  two  o'clock  was  enjoyed 
in  the  lunch  room,  and  the  Sections  were  in  session  all  the  afternoon.  In 
the  evening  Professor  Alpheus  Hyatt  delivered  his  paper  on  the  Trans- 
formations of  Planorbis,  as  a  popular  lecture,  with  stereopticon  views,  in 
Huntington  Hall.  This  was  followed  by  a  series  of  pictures  thrown  on 
the  screen  by  the  use  of  the  lantern-microscope.  In  the  room  below  an 
important  and  instructive  exhibition  of  microscopes,  accessory  apparatus, 
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and  objects,  was  given  under  the  auspices  of  the  Section  of  Microscopy  of 
the  Boston  Society  of  Natural  History,  and  a  collation  was  served  in  the 
adjoining  hall. 

During  the  day  a  party  visited  the  Watertown  Arsenal,  by  invitation  of 
the  Commandant,  Colonel  Laidley,  to  see  the  machine  used  by  Government 
for  testing  the  strength  of  materials.  Another  party  visited  the  Physio- 
logical Laboratory  of  the  Harvard  Medical  School,  by  invitation  of  Profes- 
8or  Bowditch,  under  the  guidance  of  Dr.  Minot,  at  which  place  experiments 
with  the  plethysmograph  were  made.  Still  other  parties  accepted  the  spe- 
cial invitations  to  the  Warren  Museum  of  Natural  History,  which  contains 
the  well-known  Warren  Mastodon;  the  Historical  Museum  at  the  Old 
South  Church;  the  Bunker  Hill  Monument;  and  by  invitation  of  the  Bos- 
ton School  Committee,  the  English  High  and  Latin  School,  and  the  Girls' 
High  School.  A  number  of  members  also  made  a  visit  to  Tufts  College, 
by  invitation  of  its  President  and  Facult}'. 

The  last  day  of  the  meeting  was  opened  by  a  General  Session  in  Hunting- 
ton Hall,  on  the  morning  of  Wednesday,  September  1,  and  after  a  brief 
session  the  Sections  and  Subsections  met  to  conclude  the  reading  of  papers 
still  before  them,  adjourning  for  a  recess  and  to  meet  the  Local  Commit- 
tee at  its  concluding  lunch,  which  had  formed  such  an  agreeable  and 
essential  part  of  the  arrangements  made  by  the  Committee.  In  the  even- 
ing the  Association  again  met  in  General  Session,  and  after  the  transaction 
of  the  final  business  of  the  meeting,  resolutions,  thanking  tlie  Local 
Committee,  and  the  many  individuals,  corporations,  and  societies  who 
had  so  generously  and  hospitably  extended  a  welcome  to  the  members  of 
the  Association,  were  passed  with  much  enthusiasm,  after  being  seconded 
by  heartfelt  remarks  by  various  members.  President  Morgan,  in  a  few 
brief  words,  then  declared  the  Association  adjourned,  to  meet  in  Cincin- 
nati on  the  17th  of  August,  1881. 

The  adjournment  of  the  meeting  was  followed  by  a  social  gathering  in 
the  hall. 

On  Thursday  the  Eastern  Railroad  generously  provided  a  special  train 
for  thi-ee  hundred  members  of  the  Association,  for  a  trip  from  Boston  to 
the  Fabyan  House,  White  Mountains,  with  the  privilege  of  returning  free 
on  any  train,  on  or  before  September  4,  and  also  permitting  members  to 
exchange  their  passes  for  regular  tickets,  good  until  October  1,  by  the 
payment  of  a  small  sum.  Greatly  reduced  rates  were  also  made  for  round- 
trip  tickets,  good  until  September  15,  for  the  benefit  of  those  who  could 
not  go  on  the  special  train.  The  Boston,  Concord,  and  Montreal  Railroad 
also  furjiislu'd  special  rates  for  the  Mountains  and  return,  and  the  several 
hotels  in  the  Mountains  made  special  rates  for  the  party.  At  1).20  a.m., 
the  members  of  the  Association  started  in  th(;  s])(i(;ial  train  as  the  guests 
of  the  Eastern  and  Portland  and  Ogdensburg  Railroad  Companies,  under 
the  escort  of  the  Apalachian  Mountain  Club.    Lunch  was  served  on  the 
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train  by  the  Local  Committee  of  Boston.  In  the  evening,  a  meeting  of 
the  Appalachian  Club  was  held  at  Fabyan's,  at  which  the  members  of  the 
Association  were  present.  After  the  adjournment  of  the  Club,  an  informal 
meeting  of  the  Association  was  held,  with  Professor  George  F.  Barker  in 
the  chair,  and  the  following  resolutions  were  unanimously  adopted:  — 

Resolved,  That  the  members  of  the  American  Association  for  the 
Advancement  of  Science  who  have  enjoyed  the  excursions  so  generously 
tendered  by  the  Eastern  Railroad  Company  and  the  Portland  and  Ogdens- 
burg  Railroad  Company,  express  their  hearty  appreciation  of  the  kindness 
of  these  corporations  and  those  who  have  co-operated  with  them,  and  their 
pleasure  in  the  perfection  of  the  arrangements  made  to  render  their  journey 
delightful  in  the  highest  degree. 

Resolved,  That  the  thanks  of  the  excursionists  of  the  American  Associ- 
ation for  the  Advancement  of  Science  are  hereby  tendered  to  ^Messrs.  J. 
Rayner  Edmands  and  AVilliam  H.  Niles,  and  their  associates  of  the 
Excursion  Committee,  for  their  efforts  in  behalf  of  the  members  of  the 
Association  who  participated  in  the  White  Mountain  trip. 

On  Friday  the  excursionists  ascended  Mount  Washington.  The  party 
then  separated,  many  remaining  about  the  mountains  for  some  time, 
while  others  returned  to  Boston  on  Saturday. 

An  excursion  was  also  provided  to  Moosehead  Lake,  at  greatly  reduced 
rates,  and  complimentary  passes  were  issued  by  the  Boston  and  Albany 
Railroad  Company  to  those  members  who  wished  to  visit  the  Archery 
Tournament  at  Ridge  Hill  Farms,  the  gardens  of  Mr.  Hunnewell,  Welles- 
ley  College,  and  South  Natick,  the  place  of  the  Apostle  Eliot's  Indian 
work. 

A  summary  of  the  statistics  of  the  Boston  meeting  shows  that  there  were 
entered  on  the  register  997  names  of  persons  who  regularly  attended  the 
meeting,  including  members  and  invited  guests.  Six  hundred  and  three 
new  members  were  elected,  of  which  number  518  have  paid  the  admis- 
sion fee,  and  are  now  entered  on  the  roll  of  the  Association.  N^ine  de- 
clined, 1  has  died,  and  75  have  not  yet  been  heard  from  in  reply  to 
notices  sent.  Forty-six  members  were  made  fellows,  and  of  these  38  have 
accepted  at  this  date,  and  8  have  not  yet  replied  to  the  notices  informing 
them  of  their  election.  Eight  members  died  in  the  interval  between  the 
Saratoga  and  Boston  meetings. 

Two  hundred  and  seventy-nine  papers  were  entered  for  reading  at  the 
meeting.  Of  these,  2  were  afterwards  withdrawn  by  their  authors;  1 
was  declined  as  not  coming  within  the  province  of  the  Association;  2 
were  read  in  General  Session,  and  135  were  read  either  in  full,  or  by 
abstract  or  title  in  Section  A,  and  139  in  Section  B,  including  their 
subdivisions.  One  hundred  and  thirteen  of  the  papers  were  accepted 
by  the  committee  for  publication,  and  85  were  received  from  their 
authors,  and  appear  in  this  Yolume,  in  addition  to  the  several  addresses, 
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reports  of  committees,  and  the  eulogy  on  Professor  Henry >  A  number  of 
the  accepted  papers  were  offered  by  their  authors  too  late  for  publication, 
and  comparatively  few  were  handed  in  within  the  specified  time  of  one 
month.  In  this  connection  I  beg  to  urge  the  consideration  of  the 
following  plan  for  publication  of  papers  received  at  future  meet- 
ings as  one  which  will  not  only  make  the  early  publication  of  the 
annual  volume  practicable,  but  will  also,  perhaps,  better  serve  the 
interest  of  the  Association.  Namely  :  That  in  addition  to  the  pub- 
lication of  the  several  annual  addresses  and  the  reports  of  committees, 
a  short  abstract  be  given  of  every  paper  permitted  by  the  Sectional 
Committees  to  be  read,  unless  special  reasons  should  occur  for  its  omission, 
provided  the  author  of  a  paper  furnishes  the  abstract  to  the  Secretary  of  his 
section  during  the  meeting,  or  to  the  Permanent  Secretary  within  a  month 
after  adjournment.  Should  this  be  done,  the  annual  volume  would  give  a 
fair  presentation  of  the  subjects  brought  forward  at  each  meeting,  and 
probably  would  be  regarded  as  more  valuable  than  now  by  the  majority 
of  the  members. 

The  cash  account  for  the  year,  covering  the  period  embraced  between 
August  23,  1879,  and  August  23,  1880,  presented  at  the  Boston  meeting, 
is  more  satisfactory  than  for  many  years  preceding.  The  Life  Member- 
ship Fund  has  reached  the  sum  of  |882,  without  including  the  accrued 
interest  of  nearly  $100.  There  was  also  a  small  balance  of  over  $80 
in  the  treasurer's  hands,  and  the  receipts  and  expenses  for  the  year 
leave  a  balance  to  the  next  general  account  of  1448.24.  This  good  result 
is  in  part  due  to  the  gifts  of  Messrs.  Vaux,  Flint,  and  Weld,  which,  as  will 
be  seen  by  the  statement  on  a  following  page,  amount  to  $131.00.  For 
the  other  items  reference  is  made  to  the  cash  account  in  this  volume. 

The  Standing  Committee  at  the  Boston  meeting  called  attention  to  the 
desirability  of  reprinting  some  of  the  volumes  of  Proceedings,  of  which 
copies  can  no  longer  be  supplied,  provided  the  necessary  funds  could  be 
obtained  by  subscription.  The  only  answer  yet  made  to  this  very 
important  request  is  the  receipt  of  one  subscription  from  a  member  in 
Virginia,  who  has  given  his  mite  for  the  purpose.  As  it  is  now  impos- 
sible to  fill  orders  for  complete  sets  of  the  Proceedings  of  the  Association, 
except  as  odd  copies  of  Volumes  ii,  xxvi  and  xxvii  are  obtained,  it 
is  very  desirable  that  a  general  response  be  made  to  this  notice.  With 
the  exception  of  the  present,  none  of  the  volumes  of  Proceedings  have  been 
8t<;reotype(l.    Volume  i  was  reprinted  several  years  ago. 

The  total  number  of  meniljers  and  follows  now  eniolhid  is  1,555,  but  of 
these  102  are  in  arioars  for  the  tliree  assessments  of  St.  Louis,  Sarato<;a, 
and  Hostfjn;  70  for  Saratoga  and  Boston,  and  125  for  Boston  alone,  which 
if  paid  would  amount  to  ^1,707. 

The  number  of  members  and  fellows  on  the  list  a  year  ago  was  1,036, 
and  two  years  ago,  002.  At  this  date,  1,240  members  and  fellows  have 
paid  the  assessment  for  the  Boston  meeting. 
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Since  the  last  report  was  made,  1250  copies  of  the  Saratoga  volume  have 
been  printed,  and  866  have  been  distributed  to  members,  67  by  vote  of 
the  Standing  Committee  as  exchanges,  &c.,  and  49  copies  have  been  sold. 
Of  back  volumes,  9  have  been  distributed  to  members,  28  by  vote  of  the 
Standing  Committee,  and  203  have  been  sold  since  the  last  statement  was 
made.  One  copy  of  the  Memoirs  has  been  presented  to  the  Woman's 
Club  in  Boston,  and  3  have  been  sold. 

P.  W.  Putnam, 

Salem,  Mass.,  July  13th,  1881.  Permanent  Secretary, 
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¥.  W.  PUTNAM,  PERMANENT  SECEETAEY, 
Dr.  The  American  Association  for 

1879-80. 

To  Assessments  previous  to  the  28th  Meeting     .    .    $540  00 
"        for  Saratoga  28th         "  .    .  1,653  00 

"        for  Boston  29th  "  .    .  1,035  00 

 $3,228  00 


Entrance  Fees,  —  St.  Louis   $5  00 

"  "       Saratoga   755  00 

"  Boston   630  00 

  1,390  00 

Publications  and  Binding   140  75 

Fellowship  Fees   58  00 

Life  Membership  Commutation   450  00 

General  Receipts  :  — 

William  S.  Vaux,  Donation  $100  00 

D.  B.  Flint,  "    16  00 

W.  G.  Weld,  "    25  00 

Postage  and  Discounts   50 

Illustrations  for  Saratoga  Vol   22  00 


163  50 


$5,430  25 


Salkm,  Mass.,  August  23,  1880. 

I  have  examined  the  above  account,  and  certify  that 
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m  ACCOUNT  WITH 

THE  Advancement  of  Science.  Cr. 

1879-80. 

By  Balance  from  last  Account  $187  91 

Expenses  Saratoga  Meeting:  — 

General  Expenses  at  Saratoga  $148  57 

Record  Book  for  St.  Committee  .....  3  00 
500  copies  Constitution  and  List  of  Members,       38  25 

  189  82 

Expenses  Saratoga  Vol.,  1,250  copies:  — 

Composition,  Paper,  and  Press-work    .    .     $1,673  88 

Illustrations   24  50 

Binding  1,215  in  Paper,  10  in  \  Turkey,  25 

in  Cloth,  and  25  Cloth  Covers   389  00 

Wrapping  850  for  distribution   10  00 

Extra  Copies  of  Addresses,  and  Reports  .    .       45  26 

  2,142  64 

General  and  Office  Expenses  :  — 

Office  Rent  to  July  1,  1880   $100  00 

Janitor,  1  year   25  00 

P.  0.  Box  Rent   4  00 

Subscription  U.  S.  Postal  Guide   1  50 

Scudder's  Catalogue   5  00 

Postage  and  Stationery   209  87 

Tickets,  Circulars,  and  Blanks  161  75 

Expressage   18  55 

Telegrams  .    .'   4  45 

Binding  Volumes  of  Proceedings     ....       47  92 

Extra  Assistants   34  46 

Fuel   16  25 

Volumes  bought   6  00 

Minor  Office  Expenses   10  89 

  645  64 

Salary  Assistant  Secretary  $366  00 

"     Permanent      "    1,000  00 

  1,366  00 

Life  Membership  Fund   450  00 

Balance  to  new  account   448  24 

$5,430  25 


the  same  is  correctly  cast  and  propeily  vouched. 

Henry  Wheatland,  Auditor. 


SCIENTIFIC  INSTITUTIONS 

OF 

BOSTON  AND  YICINITY.* 


BOSTON. 

In  Boston,  the  different  societies  are  first  mentioned;  next,  the  educa- 
tional institutions,  excepting  such  as  belong  to  Harvard  University,  which 
will  be  found  under  Cambridge,  with  the  other  departments  of  the  Uni- 
versity ;  a  notice  of  the  Museum  of  Fine  Arts  closes  the  list. 

AMERICAN  ACADEMY  OF  ARTS  AND  SCIENCES. 

The  American  Academy  of  Arts  and  Sciences  was  founded  May  4, 1780, 
and  is,  with  the  exception  of  the  Philosophical  Society  of  Philadelphia, 
which  was  founded  a  few  months  earlier,  the  oldest  scientific  society  in 
America.  The  act  of  incorporation  states  that  the  *'  Design  and  institu- 
tion of  said  Academy  is  to  promote  and  encourage  a  knowledge  of  the 
antiquities  of  America,  and  of  the  natural  history  of  the  country,  and  to 
determine  the  uses  to  which  the  various  natural  productions  of  the  country 
may  be  applied ;  to  promote  and  encourage  medical  discoveries,  mathe- 
matical disquisitions,  philosophical  inquiries  and  experiments;  astronomi- 
cal, meteorological,  and  geographical  observations ;  and  improvements  in 
agriculture,  arts,  manufactures,  and  commerce ;  and  in  fine,  to  cultivate 
every  art  and  science  which  may  tend  to  advance  the  interest,  honor, 
dignity,  and  happiness  of  a  free,  independent,  and  virtuous  people." 

The  former  Presidents  of  the  Academy  were  Governor  Bowdoin,  John 
Adams,  John  Quincy  Adams,  Charles  Francis  Adams,  Nathaniel  Bow- 
ditch,  John  Pickering,  Dr.  Jackson,  Dr.  Bigelow,  and  Dr.  Gray.  The 
number  of  Fellows  is  limited  to  two  hundred. 

The  rooms  of  the  Academy  are  in  the  Athenaeum  Building  on  Beacon 
Street,  Boston.  Here  will  be  found  a  valuable  Scientific  Library.  The 
meetings  of  the  Academy  for  the  presentation  and  the  discussion  of  scien- 
tific and  literary  papers  are  held  once  a  month  during  the  winter,  and  a 
volume  of  Proceedings  is  now  published  every  year.  By  means  of  a  fund 
left  by  Count  Rumford,  the  Academy  aids  investigations  on  Light  and 
Heat,  and  confers  the  Rumford  Medal  upon  those  who  have  made  valuable 
contributions  to  pure  science  or  applied  science  in  the  domain  of  light 
and  heat. 

*  Prepared  by  the  Local  Committee  of  the  American  Association  for  the  Advance- 
ment of  Science,  for  distribution  to  Members  of  the  Association,  at  the  Boston  Meeting. 
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The  Academy  celebrated  its  centennial  in  June  last,  and  in  honor  oi 
the  event  has  raised,  principally  from  among  its  own  members,  a  publica- 
tion fund  of  considerable  proportions.  It  has  already  published  fourteen 
volumes  of  Memoirs  in  4to,  and  fifteen  volumes  of  Proceedings  in  8vo. 

Prof.  Joseph  Lovering  is  President  of  the  Academy,  and  Prof.  el.  P. 
Cooke  and  Prof.  John  Trowbridge,  Secretaries. 

BOSTON  SOCIETY  OF  NATURAL  HISTORY. 

This  Society,  founded  in  April,  1830,  has  just  celebrated  its  fiftieth 
anniversary.  After  having  been  established  successively  in  Pearl,  Tre- 
mont,  Mason,  and  Bulfinch  Streets,  it  now  occupies  one  third  of  a  square 
on  Berkeley  Street,  between  Boylston  and  Newbury  Streets,  a  gift  from 
the  State,  the  land  bordering  the  square  having  been  sold  at  a  premium 
sufficient  to  cover  the  cost.  The  building  itself  was  erected  in  1863  by 
the  gifts  of  its  friends,  and  especially  of  Dr.  W.  J.  Walker,  of  Newport, 
through  whom,  also,  the  larger  part  of  its  funded  property  was  derived. 
In  its  earlier  years  the  Society  was  continually  in  debt,  having  no 
funds  of  its  own  apart  from  the  members'  fees;  but  in  1840  it  came  into 
possession  of  $10,000  from  the  estate  of  Mr.  A,  S.  Courtis,  in  season  to 
save  it  from  the  fate  of  the  Linnjean  Society  of  New  England,  which  pre- 
ceded it.  Since  that  gift  it  has  been  more  and  more  prospei'ous,  and  is 
now  one  of  the  most  flourishing,  as  well  as  best  endowed,  institutions  of 
the  kind  in  America. 

Scientific  meetings,  either  of  the  general  society  or  of  some  one  of  its 
sections,  are  held  weekly,  or  oftener,  during  the  season.  Its  library,  com- 
posed largely  of  the  publications  of  the  four  hundred  learned  societies  with 
which  it  is  in  correspondence,  contains  about  20,000  volumes  and  pamphlets. 

It  does  not  attempt  to  accumulate  great  stores  of  material  in  its  museum, 
but  selects  only  such  as  may  be  of  the  best  educational  use,  and  attempts 
to  display  these  to  the  best  advantage,  hoping,  by  means  of  guide-books, 
to  render  these  available  to  alF  in  the  highest  degree.  These  collections 
are  arranged  in  a  serial  order  from  the  basement  to  the  upper  gallery,  and 
the  visitor  is  carried  from  the  inorganic  kingdom  up  through  the  extinct 
animals  and  plants  to  the  existing,  in  such  a  way  that  he  can  scarcely  fail 
to  see  their  relations  to  one  another.  In  the  New  England  collections 
only  is  it  intended  that  the  fullest  exposition  will  be  given.  Among  valu- 
able si)ecial  collections  in  the  Museum  may  be  nunitioned  the  Wyman 
Collection  of  Comparative  Anatomy,  the  La  Fresnaye  Collection  of  Birds, 
the  Pratt  Collection  of  Shells,  the  Harris  Collection  of  Insects,  the  Bailey 
Collectiou  of  Microsco[)ical  Objects,  and  the  Greene  and  Lowell  Herbaria. 

In  the  laboratory  of  the  Society  iustruction  is  given  in  natural  history 
tf)  the  Ktudeiits  of  tlie  Institute  of  'J'echnology  aud  tlie  Boston  University, 
as  well  as  U)  special  classes  of  teacliyrs  aud  studeuts. 

Regular  courses  of  fn.'C  instructiou  in  the  sauie  toj)ics  liave  also  been 
given  for  several  wiuters  to  a  large  body  of  teachers  of  tin;  public  schools, 
in  which  work  it  lias  l)een  su[»jiorted  by  a  stroug  })ublic  sentiment,  and 
generously  aided  by  fi  ieuds  who  liave  su|)plie(l  the,  necessary  finids.  This 
teaching  has  b';en  wholly  by  oi  al  lessons  up(n)  ol»j(;cts  in  the  hauds  of  all 
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the  pupils,  and  whicli  they  have  been  allowed  to  retain.  During  the  past 
winter  an  average  attendance  of  500  teachers  proved  the  success  of  the 
enterprise,  and  more  than  100,000  specimens  were  given  away. 

The  Society  is  the  guardian  of  a  Prize  Fund,  intrusted  to  it  by  Dr. 
Walker,  for  annual  and  occasional  prizes.  The  Annual  Prizes  to  the 
amount  of  $50  or  !§100  are  for  the  most  worthy  essays  in  response  to  ques- 
tions assigned;  the  Grand  Prize  of  from  |500  to  .|1,000  is  given  every  five 
years  for  original  woi-k.  It  has  been  twice  awarded:  the  first  time  to  Mr. 
A.  Agassiz,  of  Cambridge;  the  second,  to  Dr.  J.  Leidy,  of  Philadelphia. 

The  Society  has  published  twenty-six  volumes  of  Proceedings  in  8vo.; 
seven  volumes  of  the  Boston  Journal  of  Natural  History  in  8vo. ;  two 
volumes,  and  part  of  a  third,  of  Memoirs,  in  4to.,  besides  a  volume  of 
Special  Memoirs  just  issuing  in  commemoration  of  its  fiftieth  anniversary; 
and  three  volumes  of  Occasional  Papers  in  8vo.  The  printing  is  done  in 
the  building. 

Mr.  S.  H.  Scudder  is  President  of  the  Society;  Dr.  S.  L.  Abbot  and 
Mr.  Edward  Burgess,  Secretaries;  and  Prof.  A.  Hyatt,  Custodian  of  the 
Museum. 

SOCIETY  OF  ARTS  OF  THE  MASSACHUSETTS  INSTITUTE  • 
OF  TECHNOLOGY. 

The  objects  of  this  Society  are  to  awaken  and  maintain  an  active  in- 
terest in  the  practical  sciences,  and  to  aid  generally  in  their  advancement 
and  development  in  connection  with  arts,  agriculture,  manufactures,  and 
commerce. 

The  Society  invites  all  who  have  any  valuable  knowledge  of  this  kind, 
which  they  are  willing  to  contribute,  to  attend  its  meetings,  and  become 
members.  This  Society  was  organized  in  1861,  and  now  numbers  over 
200  members.  It  holds  regular  meetings  at  its  room  in  the  Institute 
Building,  on  the  second  and  fourth  Thursdays  of  each  month  from  Novem- 
ber to  May  inclusive.  At  these  meetings  ai-e  presented  communications 
on  various  subjects  of  applied  science,  with  the  exhibition  of  machines 
and  apparatus  illustrating  important  inventions  in  the  mechanic  and  use- 
ful arts. 

Prof.  William  B.  Rogers  is  the  President  of  the  Society,  and  Prof.  G. 
Lanza  its  Secretary. 

ARCHJSOLOGICAL  INSTITUTE  OF  AMERICA. 

The  Archaeological  Institute  of  America  was  founded  in  1879  for  the 
purpose  of  promoting  archaeological  investigation  and  research  in  this  con- 
tinent and  the  Old  World.  It  is  composed  of  Life  Members  who  have 
contributed  to  its  funds  at  one  time  not  less  than  -^100,  and  of  Annual 
Members  who  contribute  annually  the  sum  of  ten  dollars. 

It  is  desired  by  the  founders  and  existing  members  of  the  Society  that 
its  lists  should  include  associates  from  all  parts  of  the  country.  The 
objects  of  the  Institute  have  no  narrow  local  interest.  It  hopes,  by  its 
work,  to  increase  the  knowledge  of  the  early  history  of  mankind,  to 
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quicken  the  interest  in  classical  and  Biblical  studies,  to  promote  an  ac- 
quaintance with  the  pre-historic  antiquities  of  our  own  country,  and  to 
enlarge  the  resources  of  our  universities  and  museums  by  such  collections 
of  works  of  art  and  remains  of  antiquity  as  it  may  be  enabled  to  make. 

The  Institute,  therefore,  asks  for  and  claims  the  support,  not  only  of 
specialists,  scholars,  and  men  of  science,  but  of  all  persons,  men  and 
women,  throughout  the  country,  who  take  an  interest  in  the  objects  it  has 
in  view.  Its  first  repoit,  forming,  with  the  accompanying  papers,  an 
octavo  volume,  was  published  a  few  months  ago.  During  the  current 
year  it  will  conduct  investigations  in  New  Mexico  and  in  Asia  Minor. 

Prof.  Charles  Eliot  Norton  is  President  of  the  Institute,  and  Mr.  E. 
H.  Greenleaf,  Secretary. 

APPALACHIAN  MOUNTAIN  CLUB. 

The  Appalachian  Mountain  Club  was  organized  in  January,  1876,  for 
the  encouragement  of  geographical  research  and  mountain  exploration  in 
the  eastern  portion  of  the  United  States.  Its  five  departments  treat  of  Nat- 
ural History,  Topography,  Art,  Exploration,  and  Improvement.  So  far, 
the  priiici])al  field  has  been  in  the  White  Mountain  region.  Much  useful 
topographical  work  has  been  done,  partly  in  connection  with  the  United 
States  Coast  Survey,  and  the  Geological  Survey  of  New  Hampshire. 
Several  novel  surveying  instruments  for  use  among  the  mountains  have 
been  invented,  including  a  topographical  camera,  micrometer  level,  port- 
able plane  tables,  &c.  The  department  of  Improvements  has  secured 
the  construction  of  numerous  paths,  including  those  on  Mounts  Adams, 
Carrigain,  Willey,  Tecumseh,  and  Moat;  also,  through  Carter's  Notch, 
Adams's  Ravine,  and  Greeley's  Notch.  Some  of  the  grandest  scenery  in 
New  England,  befoi-e  rarely  visited,  is  thus  rendered  easily  accessible. 
Monthly  meetings  are  held  in  the  winter  at  the  Massachusetts  Institute 
of  Technology,  at  which  papers  are  read  and  discussed,  and  afterwards 
published  in  "Appalachia,"  the  organ  of  the  Club.  Similar  meetings  are 
held  during  the  summer  among  the  mountains,  thus  securing  the  interest 
and  aid  of  the  summer  visitors  in  carrying  out  and  extending  the  work  of 
the  Club,  Jiy  a  process  of  rapid  and  continuous  growth,  the  membership 
of  the  Club  now  includes  ovei-  two  huiulicd  and  fifty  ladies  and  gentlemen. 

Prof.  Charles  11.  Cross  is  Pi'(\sident  of  the  (Jlub,  and  Messrs.  Rest  F. 
Curtis  and  J.  li.  Henck  Jr.,  Secretaries. 

.M.\ss.\f:m;sK  TTs  iioin  iciJi/ruRAL  socilty. 

Tliis  Sr>f;if'ty  was  orgfuii/cd  in  "for  IIk;  ])urjK>se  of  encouraging 

and  improving  the  sr;i(Mic(!  an<I  practice  of  Horticulture,  and  promoting 
tlie  amelioration  of  the  varirnis  sj)ecies  of  tre(;s,  fi  iiits,  plants,  and  vegeta- 
bleH,  aufl  the  introduction  of  new  sjuicies  and  vaneti(is,"  It  is  now,  with 
the  excejitioii  of  tlie  Pennsylvania  Horticultural  Society,  the  oldest  insti- 
tution of  tlie  kind  in  the  country.  The  most  [)r()minent  means  by  which 
it  has  Kouglit  to  j»romot<!  the  objc.cts  i'ov  which  it  was  founded  has  been 
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weelvly  and  annual  exhibitions  of  horticultural  products  in  their  seasons, 
uhich  were  commenced  immediately  on  its  formation,  and  have  been  con- 
tinued every  succeeding  year.  It  has  paid  in  prizes  for  objects  exhibited 
at  these  shows  more  than  one  hundred  thousand  dollars. 

Another  prominent  means  of  advancing  the  objects  of  the  Society,  and 
probably  the  most  interesting  to  the  members  of  the  American  Association 
for  the  Advancement  of  Science,  is  the  Library,  which  was  commenced 
immediately  after  the  formation  of  the  Society,  and  is  now  by  far  the 
most  extensive  horticultural  library  in  the  country.  It  contains  more  than 
3,500  volumes,  among  which  are  many  costly  botanical  works,  and  nearly 
a  thousand  pamphlets. 

During  the  winter  months,  meetings  for  the  discussion  of  horticultural 
subjects  are  held  by  the  Society.  These  discussions  are  published  in  the 
Transactions  of  the  Society,  which  now  fill  seven  octavo  volumes.  A 
history  of  the  Society  for  the  fifty  years  of  its  existence  is  now  passing 
through  the  press. 

In  1831  the  Society  established  the  cemetery  at  Mount  Auburn,  the 
first  of  its  kind  in  the  country,  and  may  thei'efore  claim  to  be  the  parent 
of  all  the  rural  cemeteries  in  the  United  States.  It  still  continues  to 
receive  a  proportion  of  the  proceeds  of  sales  of  lots,  which,  with  its  in- 
come from  other  sources,  has  given  it  more  ample  means  for  the  promotion 
of  horticulture  than  is  possessed  by  any  other  horticultural  society  in  the 
country.  In  18i5  the  Society  completed  a  hall  for  its  exhibitions,  which 
is  believed  to  be  the  first  building  ever  erected  anywhere  for  similar  pur- 
poses.   The  present  hall,  on  Tremont  Street,  was  completed  in  1865. 

Hon.  Francis  B.  Hayes  is  the  President  of  the  Society,  and  Mr.  Robert 
Manning,  Secretary. 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY. 

This  institution  was  incoi'porated  in  1861,  "for  the  purpose  of  es- 
tablishing and. maintaining  a  Society  of  Arts,  a  Museum  of  Arts,  and  a 
School  of  Industrial  Science." 

The  Society  of  Arts,  of  which  a  special  notice  is  given  above,  num- 
bers between  two  and  three  hundred  members,  and  meets  in  the  In- 
stitute Building  twice  a  month,  from  October  to  May,  inclusive.  The 
Museum  embraces  working  models  of  machinery,  apparatus,  casts,  prints, 
drawings,  architectural  plans,  etc.,  as  well  as  minerals  and  fossils,  chiefly 
at  present  in  the  keeping  of  the  Society  of  Natural  History. 

The  School  of  Industrial  Science,  M'hick  is  the  central  and  most  im- 
portant feature  of  the  Institute,  provides  a  series  of  scientific  and  literary 
studies,  and  practical  exercises  embracing  pure  and  applied  Mathematics, 
the  Physical  and  Natural  Sciences  with  their  applications.  Drawing,  the 
English  Language,  History  and  Political  Economy,  French,  and  German; 
these  studies  and  exercises  being  so  arranged  as  to  offer  a  liberal  and 
practical  education  in  preparation  for  active  pursuits,  as  well  as  a 
thorough  training  for  special  scientific  professions. 

The  Regular  Courses  of  the  School  are :  1.  Civil  and  Topographical 
Engineering;  2.  Mechanical  Engineering;  3.  Mining  Engineering,  or 
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Geology  and  Mining  ;  4.  Building  and  Architecture  ;  5.  Chemistry; 
6.  Metallurgy;  7.  Natural  History;  8.  Physics;  9.  Science  and  Litera- 
ture; 10.  An  Elective  Course. 

Each  of  these  courses  extends  through  four  years,  and  for  proficiency  ia 
any  one  of  them  the  degree  of  Bachelor  of  Science  is  conferred.  Ad- 
vanced courses  of  study  may  be  pursued  for  the  degree  of  Doctor  of 
Science.  Provision  is  also  made  for  those  who  wish  to  pursue  only  special 
portions  of  the  regular  courses. 

Instruction  is  given  by  lectures  and  recitations,  and  by  practical  exer- 
cises in  the  laboratories,  the  drawing-rooms,  and  in  the  field ;  these 
exercises  being  esteemed  indispensable  as  well  for  their  educational  train- 
ing as  their  professional  use.  Separate  laboratories  are  provided  for 
Chemistry,  Physics,  Mechanical  Engineering,  Mining  Engineering, 
Metallurgy,  Mineralogy  and  Lithology,  and  some  branches  of  Natural 
History.  The  drawing-rooms  are  well  equipped,  and  the  classes  in 
Engineering,  Industrial  Chemistry,  Architecture,  etc.  have  the  use  of 
objects,  models,  and  drawings  appropi'iate  to  their  work.  There  are 
also  special  laboratories  for  the  instruction  of  women. 

A  School  of  Mechanic  Arts  has  been  established  for  manual  instruction 
in  the  use  of  tools,  etc.,  which,  while  affording  needful  training  to  the 
students  in  Engineering,  provides  courses  of  shop-work,  combined  with 
appropriate  studies  for  those  who  aim  to  engage  in  mechanical  pursuits, 
rather  than  to  become  scientific  engineers. 

Adjoining  the  principal  building  of  the  Institution  are  the  work-shops, 
the  Women's  Laboratory,  and  the  Gymnasium,  the  latter  also  used  for 
military  drill. 

The  histitute  further  provides  afternoon  or  evening  free  courses  of  in- 
struction, scientific  and  literary,  open  to  both  sexes,  supported  at  present 
by  the  Trustee  of  the  Lowell  Institute,  who  also  maintains  in  the  Insti- 
tute a  School  of  Industrial  Design. 

The  published  record  of  the  alumni  shows  that  a  very  large  proportion 
of  the  graduates  of  the  Institute  of  Technology  are  holding  important 
positions  in  connection  with  railroads  and  other  constructions,  mines, 
chemical  and  metallurgical  works,  and  other  manufactories,  or  as  teachers 
of  science. 

The  Corporation  of  the  Institute  consists  of  thirty-six  members,  exclu- 
sive of  the  Governor  of  the  Commonwealth,  the  Chief  Justice,  and  the 
Secretary  of  the  lioard  of  Education,  who  are  members  cx  officiis.  The 
Officers  of  Instruction  are  sixteen  Professors,  com[)osing  the  Faculty  of 
the  Scliool,  nine  instructors,  and  about  an  equal  number  of  assistants. 

The  President  of  the  Institute  is  Win.  B.  Uogcrs,  LL.D.,  and  the 
Chairman  of  the  Faculty  is  Prof.  John  M.  Ordway. 

liOSTON  UNIVERSITV. 

The  Schof)l  of  Liberal  Arts  was  organized  at  the;  establishment  of  the 
University,  in  187iJ.  All  its  Kri(Miti(ic  courses  are  given  by  Professors  of 
the  Massachusetts  Institute  of  T(;chiiology,  iiiid,  with  the  exception  of 
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Biology  and  Zoology,  within  the  walls  of  that  institution.  In  each  case 
the  instruction  is  expressly  arranged  for  the  class,  and  illustrated  by 
collections  and  apparatus  of  the  Institute.  These  courses  include  the 
following:  — 

Chemiatry.  Sixty  hours,  lectures  and  laboratory  work ;  given  by  Prof. 
William  Ripley  Nichols,  to  the  Junior  Class. 

Physics.  One  hundred  hours,  lectures  and  laboratory  work ;  given  by 
Prof.  Charles  R.  Cross,  to  the  Sophomore  Class. 

Geology.  Forty  hours,  lectures  and  recitations;  given  by  Prof.  William 
H.  Niles,  to  the  Junior  Class. 

Botany.  This  is  an  elective  study.  The  course  includes  twenty  hours, 
and  is  given  by  Prof.  John  M.  Ordway,  to  students  of  the  Junior  Class. 

Bioloyy  and  Zoology.  This  course,  which  is  also  elective,  comprises 
eighty  hours  of  lectures  and  laboratory  work.  It  is  given  in  the  Labora- 
toiy  of  the  Boston  Society  of  Natural  History,  by  Prof.  Alpheus  Hyatt, 
to  students  of  the  Junior  and  Senior  Classes. 

Astronomy.  This  course  is  elective,  includes  fwenty-five  hours,  and  is 
given  by  Prof.  Charles  R.  Cross,  to  students  of  the  Senior  Class. 

BOSTON  OPTICAL  WORKS. 

The  Boston  Optical  Works,  of  which  Mr.  Charles  Stodder  is  the  agent, 
has  acquii  ed  a  wide  reputation  for  excellent  workmanship  in  the  construc- 
tion of  microscopes  and  telescopes,  but  it  is  chiefly  known  by  the  optical 
achievements  of  Mr.  R.  B.  Tolles.  The  following  are  some  of  the  results 
accomplished  by  Mr.  Tolles  :  — 

(rt.)  In  the  matter  of  definition  of  objectives  his  \  was  the  first  to  yield 
photographs  of  Amphipleu  a  pellucida. 

(b.)  Invention  and  practical  development  of  telescopes  of  short  focus. 
Quadruple  cemented  object-glasses  (1864). 

(c.)  First  adaptation  of  amplifiers  to  the  microscope  in  1857.  Com- 
pound amplifier  requiring  no  special  adjustments. 

(d.)  The  first  demonstration  of  the  possibility  of  larger  angles  for 
immersion  than  for  dry  lenses. 

(e.)  The  first  development  and  utilization  of  the  new  apertures  of 
microscope  objectives.  In  these  new  apertures,  the  angle  is  advanced 
beyond  the  critical  angle. 

(/.)  The  first  publication  of  the  plan  of  4  system  objectives  with  duplex 
front. 

(g.)  The  central  traverse  lens,  first  used  in  1870. 

(fi.)  Invention  of  the  device  of  the  radial  arm  for  the  rotation  of  the 
sub-stage  concentrically  about  the  object  under  view,  in  1870. 

(i.)  The  illuminator  front  for  the  illumination  of  opaque  objects,  pub- 
lished in  1866. 

(j.)  The  binocular  eye-piece,  patented  in  1866,  and  the  solid  eye-piece, 
patented  in  1855  ;  with  adjustment  for  different  thicknesses  of  slides. 
(k.)  Apparatus  for  illumination,  having  a  lateral  concentric  rotation. 
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MUSEUM  OF  FINE  ARTS. 

The  Museum  of  Fine  Arts  is  situated  at  the  corner  of  St.  James  Avenue 
and  Dartmouth  Street,  upon  land  given  by  the  city  to  an  incorporated 
Board  of  Trustees,  on  condition  that  the  collections  should  be  free  to  the 
public  on  one  day  of  each  week.  This  is  the  case  on  Saturdays,  and  also, 
by  special  permission  of  the  Trustees,  on  Sundays,  from  1  to  5  p.  m.  The 
total  number  of  visitors  during  the  past  year  was  157,191. 

The  present  building,  designed  by  Messrs,  Sturgis  and  Brigham,  and 
erected  from  funds  derived  from  private  subscription,  is  but  one  side  of 
the  intended  edifice,  which,  when  completed,  will  be  in  the  shape  of  a 
parallelogram,  having  a  great  court  roofed  with  glass  in  the  centre,  high 
enough  to  contain  casts  of  the  largest  size,  such,  for  instance,  as  a  cast  of 
tlie  column  of  Trajan,  the  facade  of  the  Parthenon,  etc.  By  using  terra- 
cotta enrichments  upon  the  building,  the  Trustees  hoped  to  encourage 
the  use  in  this  country,  of  a  highly  endurable,  comparatively  cheap, 
and  thoroughly  artistic  material  for  decorative  purposes,  and  thus  make 
the  very  walls  of  the  edifice  serve  an  educational  purpose.  The  terra- 
cotta work,  made  in  England  by  Messrs.  Blashfield  &  Co.  expressly  for 
the  Museum  building,  consists  of  mouldings,  crockets,  finials,  and 
other  architectural  details;  of  two  large  bas-reliefs  representing  the 
Genius  of  Art  welcoming  all  nations,  and  the  union  of  Art  and  Indus- 
try; and  of  a  series  of  portrait  heads  in  roundels  of  the  most  celebrated 
artists,  ancient  and  modern.  Among  them  are  those  of  Pericles,  Lorenzo 
de'  Medici,  and  Prince  Albert,  as  respectively  the  most  illustrious  pro- 
moters of  Art  in  antiquity,  in  the  period  of  the  Renaissance,  and  in  our 
own  time. 

First  Floor. 

On  entering  the  building  the  visitor  finds  himself  in  a  spacious  hall, 
containing  modern  marbles,  the  most  notable  of  which  are  Crawford's 
Orpheus,  his  group  of  Hebe  and  Ganymede,  Matthias's  bust  of  Beetlioven 
on  a  richly  sculptured  bracket,  Monteverde's  First  Inspiration  of  Chris- 
to[)her  Columbus,  etc.  On  the  left-hand  side,  at  the  back  of  the  hall,  are 
fragments  of  ancient  marbles  found  at  Rome.  These  are  set  in  the  wall 
after  the  Roman  fashion.  The  door-way  on  the  opi)Osite  side  of  the  hall 
opens  into  the  room  containing  the  Way  collecition  of  Egyi)tian  an- 
tifjuities,  with  which  the  visitor  should  begin,  ])assing  from  it  through 
the  .succreeding  rooms,  which  contain  a  chionologically  arranged  s(M  ies  of 
casts,  illustrative!  of  the  history  of  sculpturt;  froni  about  700  it.  c.  to  the 
end  of  the  sixtef-ntlj  century  of  our  era. 

AV/y/V/Vi/t  lioorn  — 'J'lie  two  statues  of  tlu;  goddess  I'as(;])t,  tho  fragments 
of  a  colossal  figure  and  the  throne  on  which  it  sat,  the  lid  of  a  sarcopha- 
gus in  basalt,  and  the  capitals  in  sandstone,  w^-re  piociired  in  Egypt,  in 
by  the  late  Mr.  .John  Lowell.  To  tin;  left  of  the  door  on  entering 
in  a  flat  case  containing  "  scpieezes,"  or  inipriissions  on  wet  paper  from 
Temple  sculj»tur»?H  in  Egyj)t,  and  at  the  end  of  the  rof)m,  above  tlw;  door, 
tiie  cast  of  a  bas-relief  on  tiie  northern  wall  of  the  Temple  of  Karnak  repre- 
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senting  Seti  T.  (b.  c.  1458)  attacking  a  fortress  in  Palestine.  The  fiat 
cases  under  tlie  windows  contain  a  great  number  of  charms,  amulets, 
scarabtci,  etc. 

The  mummy  cases  in  the  centre  of  the  room,  and  those  set  up  against 
the  wall  to  the  right  of  the  door  on  entering,  are  so  arranged  as  to  show 
the  several  cases  in  which  each  mummy  was  enclosed,  with  their  lids. 
The  show-cases  set  against  the  wall  opposite  the  windows  contain  speci- 
mens of  every  sort  of  manufacture.  Here  are  to  be  found  examples  of 
straw  and  bead  woik,  linen  robes,  papyri,  a  few  pieces  of  furniture, 
wooden  painted  slabs  (steles),  Osirid  figurines,  alabaster  headrests  and 
jars,  etc.  In  the  flat  cases  below  are  specimens  of  glass  work,  Egyp- 
tian and  Assyrian  beads,  a  unique  set  of  Arabic  coins  in  glass  of  the 
tenth  century,  a  green  jasper  scarab  of  great  beauty,  date  about  1591  B.C., 
and  a  number  of  terra-cotta  lamps,  Greek,  Roman,  and  Christian. 

Collection  of  Casts.  —  The  catalogue  contains  full  particulars  concerning 
all  the  casts  in  this  and  the  succeeding  rooms.  Here  nothing  more  is 
attempted  than  to  point  out  a  few  of  the  most  interesting. 

The  First  Greek  Room  contains  casts  of  Greek*  works  of  the  seventh  and 
sixth  centuries  b.  c,  of  one  pi-e-historic  monument,  the  Gate  of  Lions  at 
Mycenfe,  and  a  few  casts  of  Assyrian  reliefs  belonging  to  the  eighth  and 
seventh  centuries  b.  c. 

Jlie  Second  Greek  Room  is  called  the  Olympian  room,  on  account  of  the 
casts  from  the  western  pedinunt  of  the  Temple  of  Jupiter  at  Olympia, 
lately  excavated  by  the  German  government.  These  works  belong  to  the 
fifth  century  B.C.,  and  are  supposed  to  be  by  Pseonios,  of  Mende  in 
Thrace.  The  same  sculptor  made  the  flying  Victory  which  stood  before 
the  temple  on  a  three-sided  column.  The  middle  of  the  room  is  occupied 
by  a  cast  of  the  celebrated  group  of  Hermes  and  the  Infant  Dionysos,  by 
Praxiteles,  which  stood  in  the  Herseum  at  Olympia.  Around  it  are 
casts  of  several  Praxitelean  marbles  at  Rome. 

The  Third  Greek  Room  contains  casts  from  the  marbles  of  the  Parthenon 
pediments,  the  woik  of  Phidias  in  the  fifth  century  b.  c.  Here  also  are 
some  of  the  Parthenon  metopes,  and  a  cast  of  the  Potidaean  inscription, 
the  epitaph  of  the  warriors  who  fell  before  Potidsea  in  432  b.  c. 

The  Fourtji  Greek  Room  is  called  the  room  of  the  Mausoleum  from  the 
casts  of  marbles  belonging  to  that  celebrated  tomb  which  Artemisia  raised 
in  honor  of  her  husband,  Mausolus  (d.  353  b.  c),  at  Halicarnassus.  Here 
also  are  a  number  of  steles  or  grave-slabs,  the  finest  of  which  are  the 
Amazon  from  the  Villa  Albani,  and  the  Dexileos  stele  erected  in  memory 
of  Dexileos,  one  of  the  five  cavaliers  who  fell  at  Corinth  early  in  the 
fourth  century  b.  c. 

llie  Fifth  Greek  Room^  on  the  other  side  of  the  hall,  contains  casts  of 
the  Apollo  Belvidere,  the  Mattel  Amazon,  the  Ludovisi  Mars,  the  Me- 
nander,  the  Apollo  Musagetes  with  Clio  and  Thalia,  and  the  Laocoon. 

Sixth  or  Roman  Room.  —  Here  are  casts  of  the  bronze  wolf  at  the  Capitol, 
an  Etruscan  work  of  the  thii'd  century  b.  c.  ;  the  Naples  Agrippina, 
mother  of  Nero;  and  on  the  wall  the  great  bas-relief  on  the  inside  of  the 
Arch  of  Titus,  representing  the  triumphal  entry  of  that  Emperor  with 
the  spoils  of  Jerusalem. 
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Architectural  Room.  —  The  greatest  ornament  of  this  room  is  a  full-size 
cast  of  the  very  beautiful  Pandroseum  or  Portico  of  the  Caryatides  on  the 
Acropolis  at  Athens.  The  wall  at  the  farther  end  is  decorated  with  casts  of 
twelve  spandrels  from  the  so-called  Angel  Choir  of  Lincoln  Cathedral,  and 
that  on  the  side  is  covered  with  casts  of  Arabic  and  Persian  ornamental  work. 

The  Renaissance  Room  is  filled  with  casts  from  Italian  marbles  of  the 
fourteenth,  fifteenth,  and  sixteenth  centuries.  The  casts  on  the  screen 
are  from  the  marble  Organ  balustrade,  made  for  the  Cathedral  at  Florence 
by  Luca  della  Robbia,  between  1435  and  1455. 

Beyond  the  Screen^  in  the  other  half  of  this  room,  is  a  very  interesting 
collection  of  Greco-Etruscan  vases  ;  a  number  of  Tanagra  figurines ;  and 
the  Cyprian  antiquities,  objects  of  terra-cotta  and  glass,  statuettes,  etc. 

Second  Floor. 

The  upper  hall  has  a  number  of  pictures  hanging  upon  its  walls. 
Among  them  are  Allston's  unfinished  Belshazzar,  and  West's  King 
Lear.  At  the  farther  end,  near  the  window,  is  a  cast  of  the  second  gate 
made  by  Lorenzo  Ghiberti  for  the  Baptistery  at  Florence,  in  the  fifteenth 
century.    The  door  to  the  left  hand  leads  into 

The  Gallery  of  Tapestries.  —  Four  of  these  tapestries,  probably  of  Flemish 
manufacture,  belonged  to  Louis  Philippe.  The  carved  and  gilded  oak 
panels  between  the  tapestries  are  from  the  Hotel  of  the  Constable  Anne  de 
Montmorency,  at  Paris.  The  cases  contain  a  number  of  Italian,  Japanese, 
and  Chinese  embroideries,  many  of  which  are  of  the  utmost  beauty. 

The  Loan  Room,  entered  by  the  door  at  the  end  of  the  gallery,  is  rich  in 
Chinese  porcelain,  Japanese  lacquer,  enamels,  majolica,  etc.  The  Laitr- 
rence  Room  is  fitted  up  with  carved  wood-work  of  the  time  of  Henry 
VIII.  It  opens  into  a  room  containing  specimens  of  carving  in  wood, 
ancient  and  modem. 

The  Picture  Gallery.  —  In  this  gallery  the  pictures  are  constantly 
changed,  so  that  it  is  impossible  to  say  what  its  contents  may  be  from 
month  to  month. 

The  A  list  on  Room  contains  a  number  of  pictures  by  Allston,  Copley, 
Trumbull,  and  Stuart.  The  Water-Color  Room,  next  to  it,  constantly 
changes  its  contents.  The  Gray  Enyraviny  Rooms,  opening  out  of  this 
latter,  contain  the  large  and  valuable  collection  of  engravings  bequeathed 
to  Harvard  College  by  the  late  Mr.  Francis  Gi  ay.  Among  the  late  addi- 
tions, the  Monte  Sancto  di  Dio  is  the  most  pretnous.  Its  three  prints,  en- 
graved by  liaccio  Baldini,  at  Florence,  in  the  fifteenth  century,  are  among 
the  earliest  specimens  of  cop])er-[)late  engravings  of  the  Italian  school. 

The  Schools  of  Drawing  and  Painting,  and  of  China- Painting  and  Wood- 
Carving,  occupy  rooms  in  the  baseuKMit  of  the  building,  and  a  large 
studio  in  the  third  story. 

The  Curatr>r'H  room  and  that  appropriated  to  the  Library  are  in  the 
basement.    Gen.  Charles  G.  I^jring  is  the  Curator  of  the  Museum. 


'I'lie  Tvibraries  of  Boston  and  Cambridge  will  be  referred  to  at  the  close 
of  the  account  of  Cambridge  institutions. 
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CAMBRIDGE. 

In  Cambridge,  the  interest  centres  in  the  University  and  its  various 
departnrients.  Some  of  these  are  situated  in  different  parts  of  Boston, 
but,  for  the  sake  of  unity,  will  be  mentioned  here.  The  College  itself  was 
founded  in  1636  by  the  General  Court  of  the  Colony,  which  gave  four 
hundred  pounds  "  towards  a  school  or  college."  Various  departments  for 
post-graduate  study  have  gathered  around  it  during  the  present  century, 
until  it  can  now  be  said  to  embrace  foundations  more  or  less  ample  for  aU 
the  sciences  and  arts. 

PEABODY   MUSEUM  OF  AMERICAN   ARCHEOLOGY  AND 
ETHNOLOGY. 

The  Museum  was  founded  by  George  Peabody,  in  1866.  During  the 
life  time  of  its  first  Curator,  Dr.  Jeffries  Wyman,  its  collections  were 
lodged  in  Boylston  Hall.  The  present  building  on  Divinity  Avenue,  one 
fifth  of  the  intended  structure,  erected  in  1877,  will  form,  when  connected 
with  the  Zo()logical  Museum,  one  wing  of  the  building  planned  by  the  late 
Professor  Agassiz. 

By  the  instrument  of  trust,  Mr.  Peabody  placed  $150,000  in  the  hands 
of  trustees,  and  provided  that  the  income  of  $90,000  should  be  devoted 
to  the  care  and  increase  of  the  Museum,  and  to  the  maintenance  of  a 
professorship,  while  the  remaining  sum  of  $G0,000  should  be  invested  and 
accumulated  as  a  building  fund  until  it  amounted  to  at  least  $100,000, 
when  a  building  could  be  erected  on  land  furnished  by  the  College  free  of 
cost  or  rental,  the  building  when  completed  to  become  the  property  of  the 
College.  The  building  was  constructed  at  a  cost  of  $54,000,  leaving  the 
original  building  fund  of  $60,000  intact  for  new  accumulation.  The  in- 
come that  can  be  devoted  to  the  care  and  increase  of  the  Museum,  includ- 
ing salaries,  is  only  $4,500. 

The  nucleus  of  the  collection,  brought  together  by  Dr.  Wyman  in 
November,  1868,  consisted  of  about  fifty  objects,  one  half  of  which  were 
received  from  the  College,  and  the  moiety  from  his  own  collection.  Less 
than  six  years  afterwards,  at  the  time  of  his  death,  the  entries  in  the 
catalogue  were  nearly  8,000.  Since  then  the  collections  have  increased 
at  a  still  more  rapid  rate,  and  have  more  than  doubled  within  the  last 
four  years.    The  entries  now  number  about  24,000. 

The  new  cases  in  the  building  have  been  made  with  especial  care,  and 
members  of  the  Association  interested  in  museum  economy  would  do  well 
to  examine  them.  Only  a  portion  of  the  rooms  have  yet  received  their 
cases,  and  the  arrangement,  and  especially  the  proper  labelling  of  the  col- 
lections, are  yet  far  from  complete.  Not  more  than  half  of  the  collections 
are  displayed,  even  including  those  in  the  temporary  cases. 
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The  object  of  the  arrangement  is  to  invite  and  foster  scientific  research 
into  the  life,  history,  and  connections  of  extinct  tribes  and  nations,  and 
of  the  more  or  less  savage  or  barbarous  peoples  of  to-day.  To  a  large 
extent  the  method  of  treatment  which  this  requires  associates  the  perfect 
and  the  rude,  to  the  loss  of  artistic  effect.  Thus,  however,  the  story  of 
the  past  is  more  truthfully  told,  and  the  arrangement  is  very  suggestive. 
In  this  way  only  can  an  idea  be  gained  of  the  relative  perfection  of 
different  arts  in  a  given  tribe  of  past  or  present  times;  and  the  Museum, 
as  a  whole,  becomes  a  history  of  comparative  civilization. 

In  the  special  ethnological  arrangement,  objects  of  doubtful  authenticity 
are  rigorously  excluded.  The  northern  room  on  the /zr^^  ^/?oor  is  devoted 
to  North  America,  containing  objects  from  the  mounds  and  stone  graves 
of  the  United  States,  and  from  the  Southern  and  Western  caves.  In  the 
gallery  of  this  room  are  exhibited  pottery  and  other  ai-ticles  from  Central 
America,  Mexico,  and  the  West  Indies.  Here  is  also  temporarily  placed 
the  small  Egyptian  collection.  The  gallery  of  the  southern  room,  the 
floor  of  which  is  occupied  as  an  office  and  work-room,  will  contain  some 
typical  Etruscan  pottery,  and  collections  from  the  Swiss  lakes  and  other 
parts  of  Europe.  In  the  hall  on  the  second  floor  are  the  collections  from 
the  ancient  and  modern  Pueblos.  The  southern  room  on  this  floor  con- 
tains the  Peruvian  and  Brazilian  collections,  with  a  few  from  other  parts 
of  South  Amei'ica.  On  the  gallery  of  this  room  are  the  objects  from  the 
Pacific  Islands,  Eastern  Asia,  and  Africa.  The  northern  room,  with  its 
gallery,  will  have  the  collections  from  the  Pacific  coast  of  North  America, 
and  from  the  Indian  tribes  now  existing,  and  the  stone  implements  of  the 
Atlantic  and  Central  States.  Here  one  will  find  the  important  series 
from  New  Jersey,  which  have  attracted  much  attention.  The  collection 
of  human  crania  and  skeletons  is  on  the  third  floor.  F.  W.  Putnam  is 
the  Curator  of  the  Museum. 

MUSEUM  OF  COMPARATIVE  ZOOLOGY 

The  Museum  had  for  its  nucleus  the  private  collections  of  Professor  L. 
Agassiz,  by  whom  it  was  planned,  and  under  whose  direction  it  was  begun. 
The  pHisent  building  was  first  occupied  in  1859,  the  portion  at  that  time 
com[)leted  having  been  eighty  feet  in  length.  There  have  been  two  addi- 
tions made  to  it,  in  1872  and  1878.  When  the  part  now  (1880)  in  process 
of  erection  is  finished,  the  whole  structure  will  have  a  length  of  three 
hundred  feet,  and  a  breadth  of  sixty,  with  six  available  stories.  The 
addition  now  being  made  forins  the  northwest  corner,  and  a  part  of  the 
front  of  the  main  structure;  which,  as  originally  ])lanned,  will  have  a 
length,  on  Oxford  Strriet,  of  four  hundred  and  ten  f(!et.  The  cost  of  the 
buihling,  not  including  the  cases  or  otlujr  interior  fittings,  will  have 
amoiinUid,  wlieii  th(!  part  now  Ix-ing  added  is  finished,  to  about  .1225,000. 
The  MuHfMim  has  an  invested  fund  of  1 181,000,  yielding  an  income  of 
about  ^20,000  a  year.  The  care  of  this  fund  is  intrusted  to  the  Corpora- 
tion of  Harvard  College;;  the  management  of  the  institution  is  in  the 
hands  of  its  own  Faculty,  fiv(;  in  numl)er,  among  whom  the  President  of 
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tlie  University  and  the  Curator  only  are  ex-officiis  members.  There  are 
fourteen  Professors  and  Assistants  attached  to  the  Museum,  at  the  present 
time;  to  them  is  intrusted  tlie  work  of  arranging  and  describing  the 
material  as  received.  There  is  an  artist  constantly  employed,  and  also 
five  young  v^-omen,  who  assist  in  the  care  and  arrangement  of  the  col- 
lections. The  Library  contains  about  18,500  volumes,  and  is  rapidly 
increasing.  There  is  a  department  of  Geology  connected  with  the  Museum, 
with  a  separate  invested  fund  of  about  $70,000,  and  a  valuable  special 
geological  library. 

The  collections  of  the  Museum  are  very  extensive;  but  only  a  small 
portion  of  them  are  displayed  to  the  public,  by  far  the  larger  part  being 
arranged  with  a  view  to  as  compact  storage  as  is  compatible  with  their 
being  accessible  for  scientific  use  and  consultation.  The  representation 
in  the  departments  of  ichthyology  and  entomology  is  especially  complete 
and  valuable ;  and  the  corals  and  echinoderms  are  believed  to  be  more  fully 
illustrated  here  than  anywhere  else  in  the  world.  The  paleontological  col- 
lections are  also  very  extensive,  exceeding  in  importance  those  of  any 
museum  in  this  country.  The  deep-sea  Fauna  is  also  especially  rich. 
The  publications  of  the  Museum  are  issued  in  two  series,  one  in  quarto, 
and  the  other  in  octavo;  of  each  of  these,  six  complete  volumes  and 
parts  of  others  have  been  issued.  Upon  the  completion  of  the  addition 
to  the  building  now  in  process  of  erection,  the  corner  piece  will  be 
chiefly  occupied  by  lecture-rooms,  the  library,  and  laboratories:  in  the 
latter,  there  will  be  ample  accommodations  for  undergraduates  and  spe- 
cial students  in  both  the  zoological  and  geological  departments.  In  the 
lower  story  of  the  wing  now  completed,  the  paleontological  collections 
will  be  arranged.  About  one  third  of  tiiis  wing  will  be  used  for  i-ooms 
which  are  to  be  open  to  the  general  public;  the  lemaining  two  thirds  will 
be  devoted  to  the  storage  of  the  collections  in  such  form  as  to  be  easily 
accessible  for  study  to  specialists  in  the  various  departments,  and  to  rooms 
for  the  assistants. 

Mr.  Alexander  Agassiz  is  the  Curator  of  the  Museum. 

BOTANIC  GARDEN  AND  HERBARIUM. 

The  Botanic  Garden  occupies  seven  acres  of  land  at  the  corner  of 
Linnean  and  Garden  Streets,  Cambridge.  The  fund  for  its  establishment 
was  raised  by  subscription  in  1805,  and  the  grounds  were  laid  out  in 
1807.  The  income  available  for  its  support  Was  for  many  years  vciy 
small,  and  sometimes  precarious;  in  1864  it  was  considerably  augmented 
by  subscriptions,  and  a  movement  to  increase  this  somewhat  further,  so 
that  the  Garden  may  be  j^laced  upon  a  sufficient  and  independent  founda- 
tion, is  now  in  progress. 

William  Dandridge  Peck  was  in  charge  of  the  Garden  from  its  establish- 
ment until  his  death,  in  1822.  'J'honias  Xuttall  was  Curator  from  1822 
to  1834.  It  was  left  mainly  in  charge  of  the  original  gardener,  William 
Carter,  until  1842,  when  Dr.  Asa  Gray  became  its  director  for  the  en- 
suing thirty  years.    It  was  subsequently  directed  by  C.  S.  Sargent,  in 
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connection  with  the  Arnold  Arboretum  at  the  Bussey  Institution;  at 
the  beginning  of  the  current  year  its  charge  reverted  to  the  Professor 
giving  the  instruction  in  Phsenogamic  Botany,  George  L.  Goodale.  Al- 
though Dr.  Gray,  in  1872,  relinquished  the  care  of  the  Garden,  he  still 
co-operates  in  every  plan  for  the  advancement  of  its  interests. 

The  Garden  below  the  terrace  is  laid  out  in  plots  v^^hich  contain  repre- 
sentatives of  th3  natural  orders  of  flowering  plants  and  ferns.  Wherever 
it  is  practicable  the  sequence  of  genera  is  that  given  in  Benthani  and 
Hooker's  Genera  Plantarum.  Many  of  the  plants  not  seen  in  their  proper 
places  in  the  orders  will  be  found  in  the  rockeries,  frames,  and  houses 
where  alone  they  can  thrive. 

The  gre«n-houses  are  in  two  ranges.  Five  face  the  main  garden  and 
are  devoted  to  exotics  of  economic  and  botanical  interest.  The  range 
behind  these  consists  of  two  buildings  for  the  propagation  of  plants  and 
for  the  winter  housing  of  succulents.  Frames  in  the  immediate  vicinity 
of  this  range  are  filled  with  succulents,  etc.,  and  with  the  alpine  plants  of 
the  White  Mountains.  The  shrubbery  near  the  lawn  is  mainly  composed 
of  Australian  myrtles  and  acacias,  beyond  which  is  a  group  illustrating 
the  various  modes  in  which  plants  climb.  The  whole  number  of  species 
cultivated  in  the  Garden  is  not  far  from  6,000.  William  Falconer  is  head 
gardener.  The  Curator  of  the  Herbarium  is  to  have  charge  of  the 
nomenclature  of  the  plants  in  the  garden. 

In  the  year  1864,  the  building  for  the  Herbarium  was  erected  by  Mr. 
Nathaniel  Thayer,  for  the  reception  of  the  collections  and  library  of 
Prof.  Gray,  then  presented  to  the  University.  In  1871  Mr.  Hunnewell 
built  the  annexed  botanical  laboratory  and  lecture-room,  and  a  connecting 
portion  of  conservatory,  since  which  the  principal  botanical  instruction 
has  been  given  at  the  Botanic  Garden.  Last  winter  a  needed  addition 
to  the  Herbarium  was  made,  to  contain  the  botanical  library.  The  Her- 
barium and  Library,  under  the  general  superintendence  of  Prof.  Gray, 
are  in  the  special  charge  of  Mr.  Sereno  Watson,  as  Curator.  'J  hese  two 
botanists  have  here  prosecuted  a  series  of  researches  and  studies  upon 
North  American  Botany,  the  principal  results  of  which  are  recorded  in  a 
large  nmnl)erof  memoiis  and  detached  articles,  and  in  independent  works. 
These  could  not  have  been  [M-oduced,  nor  can  any  important  contribution 
to  our  systematic  pha;nogamous  botany  now  be  satisfactorily  made,  without 
the  aid  which  this  establlHliment  affords.  It  is  almost  daily  consulted  by 
other  VjotaniHts,  or  by  persons  seeking  special  informat'on,  either  person- 
ally or  by  wrrespondence,  and  by  the  sending  of  specimens  for  comparison. 

The  Herbarium  is  thought  to  contain  over  2r)(), ()()()  specimens  (including 
the  Bryological  Herbarium  bequeathed  by  the  late  Mr.  .SuUivant).  Most 
of  the  known  North  Ainericati  species  are  represented  by  a  suite  of  from 
two  to  a  dozen  Hpenim(!nH,  indicating  and  authenticating  its  varieties, 
geografihieal  range,  &c.  About  r),r)()0  specimens  were  incorporated  into 
the.  Herbarium  during  the  year  1870,  and  the  additions  for  the  present 
year  are  at  nearly  llie  same,  i  ate,. 

The  Library  contains  about  .'i,r>00  bound  volurnfis,  and  what  would 
amount  to  a  thoiiKand  volumeM  of  })amphlets. 

Material  for  a  Botanical  Museum  is  now  l  apidly  accumulating,  but  there 


OF  BOSTON  AND  VICINITT. 


781 


is,  as  yet,  no  adequate  space  for  its  display.  During  the  last  few  months 
very  vakiable  accessions  have  been  received  from  the  Museum  of  the 
Royal  Gardens,  Kew.  The  contemplated  Museum  will  illustrate  as  fully 
as  possible  the  useful  products  of  the  vegetable  kingdom. 

The  laboratory  for  instruction  and  research  in  the  lower  Cryptogamia 
is  in  the  upper  part  of  Boylston  Hall,  and  is  under  the  charge  of  W.  G. 
Farlow,  the  Professor  of  Cryptogamic  Botany.  Dr.  Farlow's  extensive 
Herbarium  of  Algae  and  Fungi  is  temporarily  deposited  in  the  same  place. 

The  instruction  of  students  at  the  Botanic  Garden  devolves  upon  Prof. 
Goodale,  supplemented  for  a  part  of  the  year  by  Prof.  Farlow  in  the 
Cryptogamia.  An  independent  or  extra-collegiate  course,  of  lecture-room 
and  laboratoi-y  instruction  combined,  specially  intended  for  teachers,  is 
maintained  throughout  the  earlier  half  of  the  summer  vacation. 

BUSSEY  INSTITUTION. 

The  Bussey  Institution  is  a  department  of  Harvard  University,  in 
Jamaica  Plain,  not  far  from  the  Forest  Hills  Station  of  the  Boston 
and  Providence  Railroad.  It  is  a  School  of  Agriculture,  Horticulture, 
and  Veterinary  Science,  situated  upon  a  farm  of  two  or  three  hundred 
acres,  a  portion  of  which  has  been  set  apart  for  an  Arboretum,  in  which 
shall  be  grown  all  kinds  of  trees,  shrubs,  and  herbaceous  plants  which 
can  support  the  climate  of  the  locality.  The  principal  school  building, 
which  is  constructed  of  Roxbury  pudding-stone,  has  considerable  archi- 
tectural merit,  and  is,  perhaps,  the  handsomest  building  belonging  to  the 
University. 

The  Bussey  Institution  gives  thorough  and  systematic  instruction  in 
Agriculture,  Horticulture,  Botany,  Entomology,  Agricultural  Chemistry, 
and  the  Anatomy  and  Diseases  of  Domestic  Animals.  Seven  teachers  are 
connected  with  the  school,  and  there  is  probably  no  college  in  the  country 
where  the  courses  of  instruction  upon  agricultural  science  are  so  full  or 
so  well  taught  as  here.  In  addition  to  their  work  at  Jamaica  Plain,  some 
of  the  al>ler  students  find  time  to  attend  courses  of  instruction  indirectly 
relating  to  agriculture,  which  are  given  in  other  departments  of  the  Uni- 
versity. As  was  to  have  been  expected  from  the  character  of  the  instruc- 
tion and  the  strict  limitation  of  it  to  the  branches  provided  for  by  the 
foundation,  the  number  of  students  in  attendance  at  the  Bussey  Institu- 
tion has  hitherto  never  been  large,  but  the  character  or  quality  of  the  stu- 
dents has  improved  continually,  and  it  is  beginning  to  be  understood  by 
the  community  that  this  school  offers  peculiar  and  quite  exceptional  advan- 
tages to  young  men  of  studious  habits  and  good  abilities  who  wish  to  take 
the  highest  possible  rank  as  agriculturists,  horticulturists,  or  veterinary 
practitioners.  There  are  now  so  many  schools  of  agriculture  in  the 
country,  and  some  of  them  are  so  strongly  supported  by  State  aid,  and  so 
loudly  and  persistently  advertised  by  debates  in  the  legislatures,  that 
some  time  must  necessarily  elapse  before  the  public  can  clearly  determine 
which  of  the  schools  is  really  the  most  meritorious.  It  may  be  said  of  the 
Bussey  Institution,  that  it  has  been  established  long  enough  to  become 
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well  organized  and  firmly  rooted,  that  it  is  continually  growing  both  in 
respect  to  the  number  and  character  of  its  students,  and  that  development 
of  this  character  gives  promise  of  assured  success  in  the  future. 

From  1874  to  1878  the  Bussey  Institution  issued  a  "Bulletin,"  which 
contained  the  results  of  experiments  and  investigations  made  at  the  Insti- 
tution, and  it  is  greatly  to  be  regretted  that  a  lack  of  funds  available  for 
scientific  research  has  made  it  necessar}'^  to  suspend  tliis  publication  for 
the  time  being. 

ARNOLD  ARBORETUM. 

On  the  2.0th  of  March,  1872,  by  an  agreement  made  between  the  Presi- 
dent and  Fellows  of  Harvard  College,  and  the  trustees  under  the  will  of 
the  late  Mr.  James  Arnold,  of  New  Bedford,  the  Arnold  Arboretum  was 
established. 

Mr.  Arnold's  bequest  for  this  purpose  amounted  to  .|100,000,  the  Presi- 
dent and  Fellows  agreeing  to  devote  to  the  new  establishment  one  hundred 
and  twenty-five  acres  of  their  Bussey  estate  in  West  lloxbury  (now 
Boston). 

This  agreement  provides  that  the  Arnold  Arboretum  shall  contain,  as 
far  as  practicable,  all  the  trees,  shrubs,  and  herbaceous  plants,  either  indi- 
genous or  exotic,  which  can  be  raised  in  the  open  air  in  West  Roxbury 
that  these  shall  be  propeiiy  and  distinctly  labelled,  and  that  an  Arnold 
Professor  of  Arboriculture  shall  be  appointed  to  manage  the  Arboretum, 
and  teach  the  knowledge  of  trees.  The  agreement  forbade  the  spending 
of  more  than  one  third  of  the  net  income  of  the  Arnold  fund  before  it 
should  have  accumulated  to  .|1 50,000. 

Mr.  C.  S.  Sargent  was,  in  September,  1872,  appointed  Director  of  the 
new  establishment,  and  the  work  of  collecting  and  raising  plants  for  the 
Arboretum  was  at  once  commenced,  and  a  general  system  of  correspond- 
ence and  exchanges  with  other  establishments  of  a  similar  character  was 
inaugurated. 

In  March,  1870,  the  Arnold  fund  having  accumulated  to  -1150,000,  the 
Corporation  established  the  Arnold  Professorship  of  Arboriculture,  and 
Mr.  Sargent  was  appointed  to  the  ciiair. 

A  plan  of  the  Arboretum  made;  with  reference  to  the  possibility  of  in- 
cbuling  it  in  the  gen(;ral  park  systiMn  of  the  City  of  Boston,  has  been 
prepared  by  Mr.  Fred.  Law  Olmsted,  of  New  York.  It  is  probable  that 
Kuch  an  arrangement,  which  would  insure  to  the  j)ublic  all  the  advantages 
of  freniy  visiting  tlie  Arboretum,  without  interfering  with  its  scientific 
dntieH,  will  cvf^ntually  be  made. 

The  nticertaitity  in  regard  to  this  arrangement  with  the  city  has,  how- 
ever, delayed  the  permanent  planting  of  the  collections.  These  are  still 
in  niir.s<'rv,  atid  cf)m[>rise  iuort'.  than  a  thousaiifl  sp(ici(!S  and  vari(^ties  of 
hardy  treen  and  Hlirubs.  Thousands  of  j>lants  and  ])ackages  of  seeds  have 
}>een  flistrihuted  from  the  Arboretum,  aiul  its  influence,  in  increasing  tlie 
Htiidy  and  i)lantirig  of  tree.s  as  an  economic  measure,  is  already  widely 
felt. 
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It  having  been  found  necessary  to  establish  a  special  Herbarium  and 
Museum  in  connection  with  the  Arboretum,  such  collections  were  com- 
menced about  a  year  ago.  The  Herbarium  is  now  temporarily  installed 
in  Brookline,  in  charge  of  Mr.  John  Robinson. 

The  aims  and  purposes  of  the  Arboretum,  as  at  present  organized,  may 
be  briefly  characterized  as  follows  :  — 

First.  As  a  museum  of  living  plants,  in  which  every  tree  and  shrub 
capable  of  withstanding  the  climate  of  Massachusetts  is  to  find  its  ap- 
propriate place;  this  collection  being  supplemented  by  an  herbarium,  and 
various  special  collections,  illustrative  of  trees,  their  products,  and  uses. 

Second.  As  a  scientific  station  for  investigation  into  the  characters, 
growth,  economic  and  ornamental  pi'operties  of  trees;  into  the  relations 
of  forests  to  climate  and  the  flow  of  rivers,  and  into  the  best  methods  of 
forest  reproduction  and  management. 

Third.  As  a  school  of  forestry  and  arboriculture,  in  which  special  stu- 
dents may,  when  the  demand  for  such  instruction  is  felt,  acquire  the^ 
knowledge  and  training  necessary  to  fit  them  for  the  care  and  increase  of 
our  forests. 

Fourth.  As  a  local  educational  establishment,  capable,  through  "  object 
teaching,"  of  very  considerable  influence  in  increasing  among  the  people 
of  Boston  and  its  neighborhood  that  knowledge  which  it  is  the  duty  of 
the  Arboretum  to  disseminate. 


ASTRONOMICAL  OBSERVATORY. 

The  Astronomical  Observatory  of  Harvard  College  was  established  in 
its  present  location  in  1844,  although  observations  (mainly  magnetic  and 
meteorological)  had  been  carried  on  near  the  College  buildings  for  the 
four  previous  years.  The  successive  Directors  of  the  Observatory  have 
been  Professors  AV.  C.  Bond  (deceased  1859),  G.  P.  Bond  (1865),  Joseph 
AVinlock  (1875),  and  E.  C.  Pickering,  the  present  Director.  The  history 
and  work  of  the  institution  are  recorded  in  twelve  quarto  volumes  of 
Annals.  The  equatorial  telescope  was  mounted  in  1847.  At  that  time, 
its  aperture  of  fifteen  inches  exceeded  that  of  any  refractor  in  existence 
except  one  of  equal  size.  Among  the  objects  studied  by  means  of  this 
instrument  may  be  specially  mentioned  the  planet  Saturn,  observed  1847- 
57,  during  which  time  the  dark  ring  and  the  satellite  Hyperion  were  dis- 
covered; the  Great  Comet  of  1858,  for  his  discussion  of  which  Professor 
G.  P.  Bond  received  the  gold  medal  of  the  Royal  Astronomical  Society 
of  London;  the  Nebula  of  Orion,  observed  1857-05;  a  series  of  interest- 
ing objects,  representations  of  which  were  published,  1872-75,  under  the 
title,  "  Astronomical  Engravings  ";  the  satellites  of  Mars,  1877  and  1879; 
the  brigliter  double  stars,  and  most  of  the  known  satellites,  observed 
photometrically,  1877-79.  Observations  are  now  in  progress  on  the  varia- 
tions of  the  light  of  Jupiter's  satellites  at  their  eclipses,  on  the  light  and 
spectra  of  planetary  nebulae,  and  on  the  light  of  variable  stars. 

A  meridian  circle  of  the  largest  size  was  mounted  in  1870,  and  has  since 
been  in  constant  use  by  Professor  W.  A.  Rogers.    Its  piincipal  work  has 
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been  the  determination  of  the  places  of  over  eight  thousand  stars  between 
50°  and  55°  north  of  the  equator.  These  observations  were  recently  com- 
pleted, after  about  eight  years  of  continuous  work. 

A  new  instrument,  called  a  meridian  photometer,  has  been  put  into 
operation  during  the  past  year.  It  is  intended  for  the  measurement  of 
the  light  of  all  stars  visible  to  the  naked  eye  in  this  latitude.  About 
one  hundred  thousand  observations  will  be  needed  for  this  purpose,  and 
the  work  is  going  on  at  the  rate  of  about  four  thousand  a  month. 

Meteorological  observations  have  been  continued  since  the  establishment 
of  the  Observatory.  Numerous  photographs  of  the  sun  were  taken  in  the 
years  1870-76.  Time  signals  have  been  distributed  since  1872  over  a 
large  part  of  New  England,  and  a  time-ball  is  dropped  daily  in  Boston  by 
a  clock  at  the  Observatory. 

The  Observatory  has  been  supported  wholly  by  private  munificence, 
except  that  it  received  aid  from  the  College  funds  during  its  earlier  years. 
The  largest  single  gift  made  to  it  was  a  legacy  of  |100,000  from  Mr.  E. 
B.  Phillips,  received  in  1849.  A  subscription  of  $5,000  a  year  for  five 
years,  raised  in  1878,  has  recently  nearly  doubled  for  the  time  the  income 
applicable  to  scientific  purposes. 


LAWRENCE  SCIENTIFIC  SCHOOL. 

This  School,  founded  by  Mr.  Abbott  Lawrence,  in  1847,  offe-rs  complete 
courses  of  instruction  in  various  departments  of  science,  as  follows:  — 

I.  Course  of  four  years  in  Cicil  and  Topographical  Engineering. 
Students  completing  this  course  receive  the  degree  of  Civil  Engineer. 

II.  Course  of four  years  in  Chemistry. 

This  course  is  intended  for  students  preparing  to  become  practical 
chemists,  or  teachers  of  science;  and  students  completing  it  in  a  satisfac- 
tory nianner  receive  the  degree  of  Bachelor  of  Science. 

III.  Courses  of  four  years  iu  Natural  History. 

These  courses  are  designed  to  furnish  a  special  training  in  the  depart- 
ments of  geology  and  biology. 

The  studies  of  the  first  two  years  are  common  to  both  departments. 
Students  are  nnjuired  to  designate,  at  the  Ix^ginning  of  the  third  year,  the 
di^partrnent  in  wliich  they  intend  to  take  th(!ir  degree.  During  their  term 
of  study,  th«;y  will  be  regarded  as  the  special  students  of  the  Trofessors  in 
that  department. 

Student^i  who  make  good  use  f)f  the  opj>()rtniiities  afforded  by  the  sum- 
mer Hchool.s,  or  who,  rluriiif^  th(^  long  vacation,  pursue  studies  nnd(!r  tlie 
<lirHction  of  the  Prof'-Hsors  in  their  d('i)artnM!nts,  niay  shorten  this  course 
of  study  to  three  years. 

Students  horif)rably  cf)mpl*'tin'^'  eith  of  the  above  courses  receive  the 
degree  of  Bachelor  f>f  Science. 
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IV.  Course  of  four  years  in  Mathematics^  Physics,  and  Astronomy. 

The  degree  of  Bachelor  of  Science  is  also  open  to  students  of  this 
course. 

In  all  the  courses  of  the  Scientific  School,  the  successful  study  of  any 
subject  in  College  is  taken  as  an  equivalent  for  the  same  subject  in  the 
Scientific  School. 

Besides  the  regular  courses  above  mentioned,  the  School  also  offers  fa- 
cilities to  teachers,  and  to  persons  preparing  to  be  teachers,  who  desire  to 
qualify  themselves  in  the  modern  methods  of  teaching  science  by  observa- 
tion and  experiment.  This  course  is  flexible  and  comprehensive;  the 
instruction  is  mainly  given  in  the  laboratories  and  museums  of  the  Univer- 
sity, and  is  of  the  most  practical  character,  every  student  being  taught  to 
make  experiments  and  study  specimens. 

Special  Students. 

Persons  who  are  not  candidates  for  a  degree  may  enter  the  School  as 
special  students,  at  any  time,  without  examination,  and  avail  themselves 
of  its  advantages  in  whatever  manner,  and  to  whatever  extent,  they  see 
fit.  Such  students,  who  have  been  members  of  the  School  for  at  least 
one  year,  shall  be  entitled  to  a  certificate,  specifying  the  subjects  in  which 
they  have  proved  themselves  proficient,  either  by  examination  or  by  lab- 
oratory work. 

All  students  of  the  Scientific  School  may,  if  found  competent,  pursue 
any  of  the  courses  of  instruction  given  in  the  other  departments  of  the 
University,  except  exercises  carried  on  in  the  special  laboratories,  with- 
out additional  charge. 

PHYSICAL  DEPARTMENT. 

The  Physical  Cabinet  of  Harvard  University  is  in  Harvard  Hall.  The 
instruments  in  this  collection  are  mainly  for  lecture  purposes.  The  large 
lecture-room  of  the  Department  of  Physics  is  in  the  same  building.  The 
Physical  Laboratory  of  the  University  occupies  the  ground  floor  of  Lawrence 
Hall,  and  a  small  lectuie-room  having  a  southern  exposure  for  light  is  on 
the  second  floor  of  the  same-  building. 

The  Laboratory  is  used  entirely  for  purposes  of  instruction,  although  a 
certain  amount  of  original  work  is  carried  on  each  year.  The  Physical 
Cabinet  of  the  Rumford  Professorship  of  Light  and  Heat  is  also  in  Law- 
rence Hall,  and  contains  a  very  complete  collection  of  optical  apparatus. 

CHEMICAL  DEPARTMENT. 

The  Chemical  Laboratories  in  Boylston  Hall  comprise  the  laboratory 
for  descriptive  chemistry  and  qualitative  analysis,  that  for  quantitative 
analysis,  and  the  organic  laboratory  ;  the  first  has  ninety-eight  desks, 
each  of  which  can  be  used  by  two  men  at  different  hours ;  the  number  of 
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students  in  this  laboratory  varies  from  one  hundred  to  one  hundred  and 
seventy.  The  laboratory  for  quantitative  analysis  has  thirty  desks,  with 
fifteen  to  thirty  students.  This  was  the  only  laboratory  in  the  original 
building,  the  French  roof  containing  the  large  laboratory  having  been 
added  less  than  ten  years  ago.  The  organic  laboi-atory  has  twelve 
desks,  with  six  to  twelve  students.  There  are  also  two  lectiire-rooms, 
an  apparatus-room,  and  four  private  laboratories  for  the  professoi-s 
and  assistants.  The  collection  of  chemical  substances  in  the  entry 
contains  many  rare  elements  and  interesting  chemical  products.  In 
addition  to  elementary  instruction  in  all  branches  of  chemistry,  especial 
attention  is  paid  to  advanced  work  in  organic  and  inorganic  chemistry;  in 
the  latter,  the  researches  of  Professor  Cooke  and  his  students  on  antimony 
may  be  mentioned,  while  over  twenty  important  papers  on  organic  chem- 
istry have  been  published  since  the  establishment  of  the  organic  laboratory 
in  1875. 

The  mineralogical  cabinet,  one  of  the  richest  in  the  country,  occupies 
two  large  halls;  especially  interesting  are  the  collection  of  diamonds  pre- 
sented to  the  late  Louis  Agassiz  by  the  Emperor  of  Brazil,  the  Tyrolese 
minerals  from  the  collection  of  Count  Liebner,  and  the  finely  crystallized 
specimens  of  American  minerals.  The  elementary  instruction  in  miner- 
alogy is  given  by  means  of  two  full  student-collections,  one  named,  the 
other  numbered,  which  are  kept  in  the  mineralogical  work-room,  where 
are  also  the  lithological  collection,  and  the  desks  for  blowpipe  analysis. 


HARVARD  MEDICAL  SCHOOL. 

The  Harvard  Medical  School  is  separated  from  most  of  the  other  de- 
partments of  the  University  in  consequence  of  the  necessity  of  securing 
facilities  for  clinical  instruction,  which  can  be  obtained  only  in  connection 
with  the  hospitals  of  a  large  city.  The  building  occupied  by  the  School  is 
in  North  Grove  Street,  Boston,  directly  in  the  rear  of  the  Massachusetts 
General  Hospital.  Here  is  to  be  seen  the  Warren  Anatomical  Museum, 
a  collection  illustrating  normal,  pathological,  and  comparative  anatomy, 
the  nucleus  of  which  was  formed  by  Dr.  John  C.  Warren,  and  by  him 
presented  to  Harvard  College,  together  with  a  fund  for  its  proper  preser- 
vation. Since  its  foundation  the  Museum  has  grown  steadily  in  value  and 
inifKjrtance  by  the  gifts  of  various  members  of  the  profession,  and  partic- 
ularly by  the  labors  of  its  late  Curator,  Dr.  J.  B.  S.  Jackson.  Among 
the  most  important  recent  additions  may  be  mentioned  the  model  museum 
of  dermatology  and  8yj)hilography  presented  by  Dr.  Edw.  Wigglesworth. 
This  is  a  collection  of  models  of  diseases  of  the  skin,  each  model  being 
made  from  a  cast  taken  directly  from  the  patient  and  subsecjuently  col- 
ored at  the  bedside.  Some  of  the  most  valuable  and  unique  specimens 
l>elonging  to  the  Warren  Museum,  inchidiiig  tin;  skull  and  bar  illustrat- 
ing the  celebrated  *' crow-bar  case,"  are  at  present  stored  in  the  museum 
of  the  Medical  Improvement  Society,  in  Temple  Place,  for  the  sake  of 
greater  sfcurity  against  fire  than  the  Warren  Museum  affords. 

In  the  bas<  n)f.'iit  of  the  building  in  North  Grove  Street  are  to  be  found 
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the  chemical  laboratories  and  the  dissecting  room.  The  upper  story  is 
dc"v'oted  to  instruction  and  research  in  microscopy  and  physiology.  The 
physiological  laboratory  contains  an  extensive  collection  of  instruments 
used  in  physiological  investigations. 

HARVARD  NATURAL  HISTORY  SOCIETY. 

The  Harvard  Natural  History  Society,  one  of  the  older  associations  of 
the  University,  has  members  among  the  College  instructors  and  graduates 
as  well  as  among  the  students.  It  holds  meetings  twice  a  month  for  the 
reading  of  original  papers  and  for  discussion;  during  the  past  year  its 
attention  has  been  turned  rather  more  to  geology  than  to  botany  or  zool- 
ogy; chemistry  and  physics,  included  in  the  object,  though  not  in  the 
name  of  the  Society,  have  received  much  less  attention. 

For  the  past  three  years,  annual  courses  of  free  public  lectures  on  scien- 
tific subjects  have  been  given  by  Professors  of  the  University  and  others, 
under  the  auspices  of  the  Society.  During  the  same  time,  prizes  for 
essays  on  Natural  History  have  been  offered,  with  the  design  of  encour- 
aging habits  of  observation  in  scholars  of  High  Schools  and  Academies. 

Prof.  N.  S.  Shaler  is  the  President,  and  Mr.  Frederic  Gardiner,  Jr., 
Secretary  of  the  Society. 


Besides  these  departments  of  the  University,  the  follovi'ing  Cambridge 
institutions  will  have  a  certain  interest  to  scientific  men. 

NUTTALL  ORNITHOLOGICAL  CLUB. 

The  Xuttall  Ornithological  Club  was  organized  seven  years  ago  by  the 
youMger  ornithologists  of  this  vicinity.  In  1876  the  publication  of  a 
quarterly  bulletin  was  commenced,  and  was  so  well  received,  that  it  has 
since  appeared  with  great  regularity,  the  fifth  volume  being  on  the  point 
of  completion.  It  is  now  the  recognized  medium  of  ornithologists  all 
over  the  country,  few  of  whom  are  not  enrolled  members  of  the  Club. 
The  Club  has  no  established  head-quarters,  but  meets  fortnightly  at  the 
house  of  one  of  its  members. 

Mr.  William  Brewster  is  President,  and  Mr.  Henry  A.  Purdie,  Secretary 
of  the  Club. 

CAMBRIDGE  ENTOMOLOGICAL  CLUB. 

This  Club  was  formed  early  in  1874,  and  incorporated  in  1877.  It  holds 
monthly  meetings  on  Follen  Street,  at  the  office  of  its  Secretary,  which 
alternate  with  the  meetings  in  Boston  of  the  Entomological  section  of  the 
Natural  History  Society.  Very  soon  after  its  foundation  it  established  a 
monthly  journal,  under  the  title  of  "  Psyche,"  now  in  its  third  volume, 
in  which  especial  attention  is  paid  to  the  biological  side  of  the  science, 
and  to  the  bibliography  of  American  entomology. 

Mr.  Edward  Burgess  is  the  President  of  the  Club,  and  Mr.  B.  P.  Mann, 
the  Secretary. 
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TELESCOPE  MANUFACTORY  OF  MESSRS.  ALVAN  CLARK 
AND  SONS. 

The  workshop  of  Messrs.  Alvan  Clark  and  Sons,  is  situated  on  the  west- 
ern bank  of  the  Charles  River,  just  below  the  Brookline  Bridge.  Public 
attention  was  first  turned  to  their  work  in  1862  by  the  discovery  of  the 
companion  to  Sirius  with  the  18-inch  object-glass  (now  mounted  at  the 
Chicago  Observatoiy)  which  they  had  recently  completed.  The  dis- 
covery of  the  Satellites  of  Mars,  in  1877,  with  the  26-inch  lens  of  the 
Washington  Observatory,  again  excited  general  interest  in  their  tele- 
scopes. A  30-inch  lens  for  the  Pulkova  Observatory  is  now  in  process  of 
construction  by  the  Clarks;  also,  telescopes  of  21  and  16  inches  for  Prof. 
Young  and  Mr.  Swift.  There  is  no  attempt  at  show  in  the  workshop, 
and  a  visitor  would  scarcely  suspect  the  high  quality  of  the  work  from  the 
apparently  rough  methods  employed.  Their  success  arises  mainly  from 
the  great  ingenuity,  mechanical  skill,  and  manual  dexterity  of  Mr.  Clark 
and  his  two  sons,  who  constitute  the  firm.  Almost  every  Observatory  in 
the  country  is  indebted  to  them  for  some  portion  of  its  equipment.  Besides 
telescopes,  various  other  instruments  requiring  special  skill  in  plan  or 
construction,  have  been  intrusted  to  them,  including  the  apparatus  for 
observing  the  transit  of  Venus  in  1874,  for  measuring  the  velocity  of 
light,  and  for  the  photometric  observations  of  the  Harvard  Observatory. 


THE  LIBRARIES  OF  BOSTON  AND  CAMBRIDGE. 

For  the  sake  of  convenience  it  seems  best  to  speak  in  one  place  of  the 
advantages  to  a  scientific  man  which  the  libraries  of  this  vicinity  att'ord. 
Over  half  a  million  of  books  are  accessible  to  a  student.  The  Public 
Library  of  Boston,  with  somewhat  over  200,000  volumes  (including  only 
the  works  in  Bates  Hall),  and  the  College  Library  in  Cambridge,  with 
somewhat  less  than  200,000  volumes  in  the  centi-al  department,  are  two 
of  the  three  largest  libraries  in  the  country;  both  of  these  libraries  are 
rich  in  scientific  works.  But  besides  these  there  aie  many  special 
libraries,  such  as  those  of  the  departments  at  Cambridge  and  the 
societies  in  Boston,  which  fire  of  still  greater  importance  to  tlie  specialist; 
while  the  lioston  Athenajum,  a  library  of  general  literature,  containing 
more  than  100,000  volumes,  is  easy  of  access  by  introduction,  and  is  rich 
in  many  fields  of  general  science,  and  j)a)ticnlarly  in  Geograpiiy. 

'I'he  iil>rHry  of  the  I^awn-nee  Scientific  Scliool  (2,200  volumes)  is  devoted 
mainly  to  Engineering;  that  of  the  Bussey  Institute  (2,200  voliinies),  to 
Agricultin-e.  The  l*hilli|)s  Library  of  tlu;  Astronctuiical  Observatory  con- 
Hist.H  of  about  ;{,;jOO  voluine.s;  that  of  the  Botanic  (iarden,  of  about  o,r)(K) 
volniiies,  besirles  1,()0(»  volumes  of  panijdilcts ;  the  Peabody  Museum  of 
Arcfueology,  of  000  volumes;  and  the  Muscuni  of  (Jon)[)arative  Zoology, 
of  about  volumes.     'J'he  last  mentioned  is  espcicially  ricli  in 

]*aleonto!ogy  and  Knfornology,  and  is  coni|>l<!niented  by  a  separate  and 
extensive  geological  library,  not  included  in  the  al)ove  enumerati(jn.  In 
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Boston,  the  Natural  History  Society,  and  the  American  Academy,  the 
former  with  about  20,000,  the  latter  with  about  16,000  volumes  and 
pamphlets,  are  well  supplied  with  the  transactions  of  learned  societies, 
the  Academy  leaning  to  those  dealing  with  the  physical,  the  Society  to 
those  with  the  natural  sciences.  The  earlier  volumes  of  the  great 
academies  of  the  world  can  generally  be  found  at  one  of  the  three  larger 
libraries  of  the  neighborhood,  and  the  larger  part  of  the  newer  trans- 
actions are  received  in  exchange  by  the  Academy,  the  Natural  History 
Society,  the  Zoological  Museum,  or  the  Observatory;  while  such  as  must 
be  obtained  by  purchase  will  be  generally  sought  successfully  at  the 
Boston  Public  or  the  Harvard  Library.  The  purchasing  powers  of  the 
smaller  libraries  are  not  great,  and  their  accessions  are  to  a  great  de- 
gree made  up  from  their  exchanges;  but  the  larger  libraries  are  liberal 
to  science,  and  the  conditions  are  constantly  improving.  In  1878,  a 
classified  list  was  published  of  the  current  serial  publications  taken  in  the 
nineteen  principal  libraries  of  the  vicinity,  which  included  over  2,000 
publications,  about  half  of  them  scientific. 

Besides  these  the  Institute  of  Technology  has  a  library  of  about  3,000 
volumes,  the  Horticultural  Society  has  about  the  same  number,  not 
including  its  pamphlets,  and  the  Agricultural  Library  at  the  State-House 
is  tolerably  large.  The  Harvard  Medical  School  has  a  working  library 
of  2,000  volumes,  and  our  other  medical  libraries  have  been  consoli- 
dated into  one,  now  possessing  about  10,000  volumes  and  6,000  pamphlets. 
At  the  same  time  it  should  be  mentioned  that  the  medical  department  of 
the  Public  Library  contains  over  10,000  volumes. 

Among  special  scientific  libraries  which  have  found  their  way  to  public 
institutions  in  this  vicinity  may  be  mentioned  the  Bowditch  Mathemat- 
ical, at  the  Boston  Public  Library;  the  Greene  Botanical,  Binney  Concho- 
logical,  Harris  Entomological,  and  Bailey  Microscopical,  at  the  Natural 
History  Society ;  the  Jacobi  Mathematical,  at  the  Harvard  College 
Library;  the  Gray  Botanical,  at  the  Botanic  Garden;  and  at  the  Museum 
of  Comparative  Zoology,  the  DeKoninck  Paleontological,  the  Whitney 
Geological,  the  Zoological  and  Paleontological  Library  of  the  late  Pro- 
fessor Agassiz,  and  the  Entomological  Library  of  Dr.  Hagen. 

A  bulletin  of  current  accessions  is  issued  by  the  University  Library; 
and  similar  periodical  publications  come  out  at  intervals,  from  the  Boston 
Public  Library  and  from  the  Boston  Athenseum.  All  these  libraries  are 
thoroughly  indexed  under  subjects  in  catalogues  open  to  the  inquirer. 
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SALEM. 

PEABODY  ACADEMY  OF  SCIENCE. 

This  institution  was  founded  by  George  Peabody,  who,  on  the  26th 
of  February,  1867,  placed  in  the  hands  of  nine  trustees  the  sum  of 
»'$14:0,000,  for  the  promotion  of  science  and  useful  knowledge  in  the 
county  of  Essex. 

He  directed  $10,000  to  be  applied  to  the  purchase  of  the  East  India 
Marine  Hall,  in  Salem,  and  other  land  adjoining  thereto;  the  fitting  up 
and  furnishing  the  same  for  the  proper  arrangement  of  the  Museum  of 
the  Salem  East  India  Marine  Society,  and  the  scientific  collections  of 
the  Essex  Institute ;  conditional  agreements  having  been  previously  made 
by  the  two  institutions  to  place  them  therein  on  special  permanent 
deposit. 

The  remaining  sum  of  $100,000  is  invested  as  a  permanent  fund,  the 
income  only  of  which  can  be  used  for  the  purposes  of  the  trust. 

The  various  alterations  having  been  completed  in  August,  1869, 
Wednesday,  the  18th  of  that  month,  the  first  day  of  the  annual  meeting 
of  the  American  Association  for  the  Advancement  of  Science,  in  Salem, 
was  taken  to  dedicate  the  Museum  to  the  uses  for  which  it  was  designed 
by  the  founder. 

The  collection  of  the  East  India  Marine  Society,  which  is  especially 
rich  in  the  native  implements  of  the  Pacific  Islands,  and  in  specimens 
illustrating  the  costumes  and  habits  of  the  inhabitants  of  various  coun- 
tries in  the  East  Indies,  and  the  Essex  County  collection  of  the  Insti- 
tute, are  its  n)arked  features,  and  the  many  additions  that  have  since 
been  made  contribute  largely  to  its  value  and  interest. 

The  Museum  is  open  to  the  public  every  day  (Sundays  excepted),  from 
9  A.  M.  to  noon,  and  from  1  to  5  p.  m. 

The  Academy  has  [tinted  six  of  its  annual  reports,  and  three  memoiis. 

The  American  Naturalist,"  Vols.  II.  to  X.,  were  also  printed  under  its 
auspices. 

A  Summer  School  of  Biology  has  been  held  for  six  weeks,  commencing 
the  first  of  July,  foi-  the  past  five  years.  This  was  commenced  under  the 
direction  oi  Prof.  A.  S.  Packard,  Jr.,  continued  by  Mr.  James  II.  Emerton, 
and  is  now  in  eliarge  of  Pjof.  E.  S.  M(Mse. 

lion.  William  C.  Endicott  is  the  President  of  the  Academy;  Mr.  A.  C. 
Goodell,  Jr.,  the  Secnjtary;  and  Prof.  E.  S.  Morse,  the  Curator  of  the 
Museum. 

KSSK.X  INSTITUTE. 

This  institution  was  foriwA  }»y  the  union  of  the  Essex  Historical  and 
the  Essex  County  Natural  History  Societies,  in  February,  1848.  The 
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former  Society  was  incorporated  in  1821,  the  latter  in  1836.  In  Feb- 
ruary, 1870,  an  act  was  passed  by  the  Legislature  enlarging  the  powers 
of  the  In^stitute  so  as  to  include  among  its  objects  the  promotion  of  the 
arts,  science,  and  literature,  in  addition  to  those  of  the  original  societies. 
Its  Library  contains  about  35,000  volumes  bound,  and  about  120,000 
pamphlets,  exclusive  of  duplicates,  and  embracing  all  departments  of 
literature. 

Its  Museum  contains  a  large  collection  of  antiquarian  and  historical 
relics,  paintings,  engravings,  medals,  coins,  papers,  currency,  &c.  The 
scientific  portion  is  deposited  in  the  Museum  of  the  Peabody  Academy  of 
Science.  At  the  time  of  its  removal,  the  collection  contained  over  125,000 
specimens  in  the  departments  of  Ethnology,  Zoology,  Botany,  Mineralogy, 
and  Geology,  scientifically  arranged,  and  in  good  part  labelled  and  cata- 
logued. 

Its  I'ublications  are  the  "  Proceedings  of  the  Essex  Institute,"  6  vols., 
Svo.  ;  "The  Naturalist's  Directory  "  ;  "  The  American  Naturalist,"  Vol.  I. 
(afterwards  ti-ansferred  to  the  Peabody  Academy  of  Science)  ;  "  Bulletin  of 
the  Essex  Institute,"  11  vols.,  8vo. ;  "  Historical  Collections  of  the  Essex 
Institute,"  16  vols.,  Svo.  The  Historical  Collections  and  Bulletin  are 
regularly  issued. 

Field  meetings  are  held  in  different  parts  of  the  county  for  scientific 
and  historical  investigation  and  discussion.  Evening  meetings  for  the 
same  pui-pose  are  regulaiiy  held  during  the  winter  at  the  rooms  of  the 
Institute.  The  Institute  also  gives  courses  of  scientific  and  other  lectures, 
and  sei  ies  of  concerts  during  the  winter  months,  and  Horticultural  and 
Art  Exhibitions  during  the  spring,  summer,  and  autumn  months. 

Its  Rooms  are  in  Pluninier  Hall,  Salem,  so  called  in  honor  of  Ernestus 
Augustus  Plummer,  whose  sister,  Miss  Caroline  Plummer,  cherishing  his 
memory,  and  directing  that  her  gift  should  be  recorded  in  his  name,  be- 
queathed to  the  proprietors  of  the  Salem  Athenaeum  the  sum  of  |30,000, 
to  be  expended  in  the  erection  of  a  suitable  building  for  scientific  and 
literary  purposes. 

Dr.  Henry  Wheatland  is  the  President  of  the  Institute,  and  Mr.  George , 
M.  Whipple,  Secretary. 
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